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ABSTRACT

This project responded to the perceived low occurrence of earthworms in sown pastures on soils that once supported brigalow (Acacia harpophylla) woodland.   These pastures are often subject to the type of penalties associated with impoverished soil fauna, i.e. low structural stability and marked decline in productivity as the pasture ages.  The proposition was that should suitable earthworm species be found to colonise these soils then, as has been reported from other environments, their biostimulatory activities might restore fertility through improvements in soil structure and nutrient cycling.


A fundamental requirement was to survey and identify earthworms in and around the study domain.   Seventy-five species were collected, from about 20 locations, including 27 identified as new native taxa.  The known ranges of several 

exotics were also extended, in particular, the following exotic species were recorded in Australia for the first time: Drawida barwelli, Gordiodrilus elegans, Eudrilus eugeniae, Dichogaster affinis, Octochaetona beatrix, Perionyx excavatus and a new member of the Amynthas morrisi species-group.   All species were drawn and described in detail.  Representatives of many of the major megadrile groups were located which allowed the relationships between these groups to be considered in the context of their Australian distributions.


Population distributions were characterised by seasonal variation and spatial patchiness, but high biodiversity at certain sites attested to the potential range of species available for study.  Comparative earthworm sparseness in the brigalow region was confirmed.  However, in the brigalow sections of CSIRO Narayen Research Station, six species were recorded and one isolated assemblage of three species numbered about 1,020 m-2 with a biomass of 31.1 g m-2.   Surveys at CSIRO Samford, a site not in the brigalow region, located 23 species with abundance and density maxima of around 263.8 m-2 and 68.1 g m-2.  


A series of glasshouse trials were performed to test 25 earthworm species against combinations of soils and crops.  Earthworm survival rates and effects on plant yields were found to vary greatly for the different species.  Plant growth was stimulated by some, but not all, species of earthworm.   Highest mean yield increases were of up to 80% for grass or oats and 100% for grain sorghum in inoculated soils.  These widely different responses emphasised the importance of matching species and soils and of the need for appropriate methodology.  From these pre-trials, species were categorised as potentially beneficial, as benign or as unsuitable for field introduction.  Their ecological strategies and the mechanisms of their stimulation of plant growth were also considered.


Field trials were established at two sites with the release of about 7,000 earthworms of twelve species.  The Narayen site exemplified the rundown brigalow pasture phenomenon that the project sought to resolve, whereas the non-brigalow Samford site was for comparison.  Despite exceptionally dry conditions throughout the study period some survivors were recovered after a year and, for each worm treated plot, the pasture yields were enhanced, often by significant amounts.   Species found to survived well at both sites, but not necessarily to stimulate the most plant growth, were Pontoscolex corethrurus,  Aporrectodea trapezoides, Eisenia rosea.  At the Narayen site, dry matter yield for all worm treatments combined was increased by 64.4% (F(1,27)=5.0; p=0.034), due mainly to pasture response in partially irrigated plots where total worm treatments were 204.3% higher than the controls.  In comparison, the Samford site mean yield was 26.7% higher (F(1,31)=2.9; p=0.098).


Conclusions drawn from this study are that native earthworms, mainly Diplotrema spp., are present in brigalow soils and their activity is regulated by soil moisture.  Introduced earthworms can survive here and can significantly increase pasture production.  Success in this study indicated the agroecological potential of a portion of the Queensland earthworm fauna, the greater part of which has yet to be explored.
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PART  1


1.1 INTRODUCTION

At one time, large areas of sub-humid central and southern Queensland supported woodland dominated by the leguminous brigalow (Acacia harpophylla) much of which has now been cleared, especially in the last 30-60 years, and the land converted to pastures and, increasingly, to crops (Isbell, 1962; Scanlan, 1988).  About half of the 8.7 million ha of substitution pasture comprises native grasses (Plate 1), the remainder is replacement or "improved" pasture of sown grasses (Weston, 1988).  Dryland crops include sorghum (Sorghum bicolor) while irrigated crops are more diverse and oscillate with economy or remain largely stable as orchards.  The soils are mainly clays with moderate to high fertility, yet sown pastures are characterised by declining productivity as the pasture ages.  For example, plot harvests of a green panic (Panicum maximum) fell from about 20 t ha-1 to 4 t ha-1 after three years (Catchpoole, 1980).  This declining fertility phenomenon is known as "rundown".  Much research has gone into defining and correcting this problem which has been linked to movement of soil nitrogen into forms unavailable to plants; into stable organic matter and soil microbial biomass (Graham et al., 1981; Catchpoole, 1984; Robbins et al., 1986; Myres et al., 1987).  Rectification has typically involved application of nitrogen fertilizer or renovation by cultivation and pasture reseeding, measures both costly and temporary.  Other options to stimulate nitrogen cycling include sowing of legumes, although establishment and persistence are problematical on these soils (Peake et al., 1990), or "resting" the land in crop or ley rotations (Catchpoole, 1992).  A novel approach, not only to redress rundown but to maintain soil fertility in general, would be to encourage beneficial soil mesofauna such as insects or earthworms (Myres et al. 1987; Myres and Robbins, 1991).


Since Darwin published his treatise in 1881, much research has confirmed that earthworms can improve productivity of soils in many environments (e.g. Edwards and Lofty, 1977; Satchell, 1983; Lee, 1985; Kretzschmar, 1992).  There are only a few studies from Australia (summarised in Davidson, 1988/89).  Information  on  earthworms  in  tropical and  subtropical  regions  is especially 

Plate 1.  Native pastures and the extent of the brigalow belt in Queensland (from Burrows et al., 1988), showing research stations.
limited.  The earthworm fauna of the brigalow belt, whether in its virgin or cultivated state, is not well known.  Incidental observations are that earthworms are scarce under sown pasture (V.R. Catchpoole, pers. comm.).  Those species that are occasionally found under cultivation are not necessarily the most beneficial.  Were a suitable earthworm population encouraged, it might provide an economical and environmentally acceptable means of sustaining productivity.


The purpose of this study was to seek out native or naturalised species of earthworms that might (through soil conditioning and stimulation of nutrient cycling) improve the productivity of brigalow soils.  If successful, the applications would be wider than increased pasture production on brigalow lands, extending to other combinations of crops and soils.  A reduction in fertiliser dependency would have an industry-wide importance.  


The study was multidisciplinary, involving ecology, agronomy and taxonomy, and the strategy adopted had three main thrusts.  The first was to survey the existing earthworm fauna in southern and central Queensland and to identify candidate species for study.  Second, to screen a range of species in laboratory and glasshouse trials to assess their potential to survive in and to increase fertility of soils.  Finally, to test the most promising species in the field. 


The experimental sections are presented in Part 1 of the thesis and the taxonomy sections in Part 2 to emphasise the importance of correct species identification.  Arguments in the experimental sections are comprised of surveys and experiments (the latter divided into laboratory, glasshouse and field trials) and are presented in a logical, and chronological, sequence.  The relation of these studies to wider areas of previous research is considered in the next chapter: a review of the literature. 

1.2 LITERATURE REVIEW
Introduction

As we enter the post-industrial information age and the biotechnicological era is replacing the largely mechanical or chemical eras of the industrial age, there is a rewakening to our ultimate reliance on biological processes.  This new era has brought a general revival in ecological studies of interactions and a re-evaluation of earlier assumptions.  Rates of accumulation and assimilation of information are increasing rapidly.  In particular, there has been a rise in studies of relationships between invertebrates, micro-organisms and plant/soil development (e.g. Edwards et al., 1988;  Crossley et al., 1991).  Earthworms are recognised as an important component of the soil fauna and much specific information has accrued.  Major reviews are found in Edwards and Lofty (1977) and Lee (1985).  Stephenson's (1930), monograph "The Oligochaeta" consolidated the literature up to 1930, and about 2,500 papers were published between then and 1983 (Satchell & Martin, 1981; Satchell, 1983).  The present author has compiled a list of about 1,600, mainly ecological, references for the period 1970 to 1990, and there have been several recent publications of note (e.g. Kretzschmar, 1992; Brussard & Kooistra, 1993).  A synthesis of the diverse literature is a massive task beyond the scope of this review.  Here it is condensed, as for the study itself, into the two main areas of interest which are ecological surveys of earthworm distributions and experimental investigations on agronomic potential.

EARTHWORM DISTRIBUTIONS

Sampling techniques

Various collection methods are available for earthworms, comparisons of the various techniques can be found in Edwards and Lofty (1977) and Lee (1985).  The methods vary in their effectiveness depending on species, life stage and habitat, and also on what is required from the sample.  Techniques include chemical or electrical extraction (both of which, despite their appeal of convenience, are hazardous and fail to recover certain species and their resting stages), washing and hand-sorting.   The latter two methods are laborious and may underestimate deep-burrowing species with diurnal activity.  Vermifuges commonly use dilute formalin but other less toxic solutions, such as mustard (Gunn, 1992) or cement (used by anglers to obtain bait),  may be as effective.  A combination of hand-sorting and chemical-extraction have been advocated for bio-assays by some authors (e.g. Terhivuo, 1982; Daniel et al., 1992).  However, hand-sorting is the simplest and most commonly used method, often yielding the most accurate, meaningful and comparable results (Satchell, 1971).  For tropical soils, a minimum of five 25 cm x 25 cm by 30 cm deep soil monoliths sampled towards the end of the rainy season and hand-sorted, in three layers of 10 cm has been recommended for tropical soils (Anderson & Ingram, 1989).  By convention, abundance and (fresh weight) biomass data are presented as values per m2, irrespective of depth of sampling.  Earthworm specimens are commonly anaesthetised in dilute alcohol before being preserved, while being held straight, in 4% formaldehyde solution or 80% ethyl alcohol (Sims and Gerard, 1985). 

Earthworm Surveys

Taxonomic surveys for various countries and regions have been produced sporadically, the most thorough often in the form of monographs.  European and North American earthworm faunas are relatively well reported, for example, Sims and Gerard (1985) for the British Isles (44 species); Bouché (1972) for France (180 species) and Reynolds (1977) for Ontario (about 20 species).  Reynolds (1974) (as presented in Edwards and Lofty, 1977) provided a checklist of about 140 North American species which is constantly being expanded (e.g. Fender & McKey-Fender,1990; James, 1990).  For the Australasian/Oriental region some pertinent references are: Stephenson (1923) for the Oligochaeta of "British India"; Lee (1959) the earthworms of New Zealand (192 species); Gates (1972) for southeast Asia (i.e. more extensive than the title, "Burmese Earthworms" suggests); Easton (1980) for Japan (over 70 species); Lee (1981) and Easton (1982) for south-western Oceania.


No comprehensive guide or checklist for the oligochaetes of Queensland, nor for Australia as a whole, exists.  Intermittent papers have mainly concerned taxonomy of Australian native species while considerations of exotic species are more rare.  Whereas an estimate of natives is in the order of 300 named species (Jamieson,1981) (with perhaps two or three times this number unidentified), the number of exotic species is unknown.  In Australia, early workers were Fletcher (1886-1890) and Spencer (1888-1900) followed by Michaelsen (1900-1935) and Jackson (1931).  Jamieson (1963-1993) has produced taxonomic and zoogeographic works on the native earthworm fauna of various regions or on specific taxa.  Some, more recent, studies have concentrated on exotic taxa, for example Easton (1982), Abbott (1985a) and Baker et al. (1992a, 1992b).


Ecologically, earthworms often represent the dominant faunal biomass of the soil in many environments except those that are highly saline, moisture-limited or acidic (Edwards & Lofty, 1977; Lee, 1985).   Most population studies are from northern Europe and North America, areas dominated by the Laurasian family Lumbricidae, which has about 20-30 species spread worldwide anthropochorously (i.e. by human activity) (Lee, 1985, 1987).  Numerous reports for various habitats in these regions (as summarised in Lee, 1985) have shown that earthworm numbers rarely exceed 400 m-2 but are generally higher under forest or pastures and lower under cultivation.  Typical examples of average populations in northern hemisphere temperate regions are: in old pastures, 500 m-2 (250 g m-2) for nine common lumbricids (Hoogerkamp et al., 1983); for forests ranges of 22.8 m-2 (7.4 g m-2) in sub-arctic taiga to 140.0 m-2 (68.3 g m-2) in mixed lowland forests (Satchell, 1983); in cultivated soils under various crops, Edwards (1983) recorded 7 common lumbricids with densities ranging from 6-453 m-2 (3-95 g m-2).  This last author states that populations reported in the literature are about three times as large in orchards as in arable soils.  In the temperate regions of the southern hemisphere, where introduced lumbricids and other exotic species may occur with residuals of native fauna in pastures, grasslands and orchards, high abundances are often reported.  Populations of up to 7 species attain abundances of 1000-2000 m-2 with biomass around 300 g m-2 (Lee, 1985).  Lumbricids are generally absent from tropical ecosystems, the soils of which are often strongly leached.  Biomass of other exotic and native species in these regions, although not as well reported, tend to be lower than those for lumbricids in pastures.  Examples for west African savannas have populations up to 400 m-2 (30-60 g m-2), while tropical forests have still more limited earthworm components with means in the range 70-150 m-2 (13-20 g m-2) (Lee, 1983a; Lavelle, 1978, 1988; Fragoso & Lavelle, 1992).  Notable exceptions are for areas occupied by the tropical, peregrine glossoscolecid Pontoscolex corethrurus with mean populations up to 350 m-2 (200 g m-2) under induced pastures and savannas and 100 -2 (35 g m-2) in tropical forests (Lavelle, 1988; Lavelle et al., 1987).  Species diversity is fairly consistent in different regions and habitats and for different taxa, ranging from one to 11 species (Lee, 1985).


Quantitative studies of Australian earthworms are comparatively scant.  This is due to the small number of workers in this field and the lack of systematic collecting from much of the continent.   Table 1.1 presents a summary of Australian studies on diversity and abundance.  An Australia-wide CSIRO survey project involving collections by school students is currently in progress (Anon, 1992).


Australian population studies are mainly from mediterranean climatic zones and show similar densities to those of equivalent environments overseas.  Remarkably, the species compositions of exotics, being mainly lumbricids, are similar.  This demonstrates the great ability of these peregrine species to colonise new areas.  Cultivated sites tend to have low densities and some have particularly low species diversity.  There is a paucity of studies from tropical and sub-tropical regions.  Earthworm numbers in Australia, as elsewhere, vary greatly with habitat, climate, method of extraction (e.g. the numbers and depths of samples) and analysis (e.g. species identification).   This emphasises the requirement, when surveying for comparative purposes, to consider ecosystem, timing and consistency of methods.

Table 1.1.  Reports of earthworm diversity and density in various habitats in Australia.
_____________________________________________________________________________________________________________

State

Habitat

TaxaA


No.
Abundance 
Biomass
Reference









Spp.
No. m-2
 g m-2
_____________________________________________________________________________________________________________

SA

wheat/fallow

exotics

3
20-450
2-74

Barley (1959a)

SA

pasture

exotics

3
450-640
62-77

Barley (1959a)

SA

pasture

lumbricids

3
260-640
51-152
Barley (1959a)

NSW

alpine forests
megascolecids
10
7-135  
1.2-81.8
Wood (1974)

Vict

Eucalyptus sp
megascolecids?
N/A
25-195
N/A

Ashton (1975)

Vict

orchards

exotics and natives
?5
0-2000
N/A

Tisdall (1978)

Qld

rainforest

megascolecids?
N/A
140-150
N/A

Plowman (1979)

WA

wheatbelt

introduced spp
4
N/A

N/A

Abbott & Parker (1980)

Vict

pasture

lumbricids

5
15-21

N/A

Tisdall (1985)

WA

jarrah forest

megascolecids
7B
4-91

0.3-27.0
Abbott (1985a, 1985b)

WA

pasture

introduced spp
5
19-157
8-61

Abbott (1985a)

WA

pasture

megascolecid
1
N/A

30-96

Abbott et al. (1985)

SA

wheat


lumbricid

1
130-341
21-100
Rovira et al. (1987)

Tas

pasture

lumbricids

7
0-970

N/A
 
Kingston & Temple-Smith (1989)

Qld

sugarcane

glossoscolecid
1
8-276

1.4-5.2
Spain et al. (1990)

SA/Vict 
crop/pasture

exotics and natives
11
0-1262
N/A

Baker (1991)

SA/Vict 
pasture

exotics and natives
11
99-169
N/A

Baker (1991)

SA/Vict 
crop rotations
exotics 

6
38.6

N/A

Baker (1991)

Vict/NSW
pasture

exotics and natives
9
2-802

N/A

Mele (1991)

Vict/NSW
crops


exotics and natives
N/A
0-338

N/A

Mele (1991)

Qld

rainforest

natives and exotics
12
51-157
14.3-28.0
McKenzie & Dyne (1991)

Qld

barley


lumbricid

1
9-54

0.3-5.3
Thompson (1992)

WA

pasture

lumbricid & exotic
2
58-170
20-90

McCredie et al. (1992)

SA

pasture

exotics and natives
11
0-608

N/A

Baker et al. (1992b)

_____________________________________________________________________________________________________________

A exotic, or introduced, taxa are mainly lumbricids; native taxa are mainly megascolecids.

B maxima per site although 62 "morpho-species", representing an unknown number of taxa, were identified (Abbott, 1985b).

N/A - data not available.

Soil factors 


Major constraints on earthworms in their soil environment are food supply and moisture (Lee, 1985; Lavelle, 1988).  The type of vegetation determines distribution patterns within some regions.  Tropical grasslands tend to be dominated by geophages (subsoil species) rather than detritivores (litter-dwelling and topsoil species), whereas the opposite tendency has been found in surveys of pasture species in temperate regions (Lee, 1985; Lavelle et al., 1987; Lavelle, 1988).  Several workers have recorded edaphic data when collecting and have attempted to explain distributions and determine environmental requirements by correlation or regression analysis (see Edwards & Lofty, 1977; Lee, 1985).  However, soils are notoriously variable in their physical and chemical characters, even over small areas, and earthworm populations fluctuate with the seasons.  General correlations are rarely found, possibly due to species-specific responses, scale of sampling or the complexity of the interactions.


  With respect to earthworms and soil texture, several conflicting conclusion have emerged.  Guild (1948) found that light and medium loams had higher populations of earthworms than did clays or gravelly sand, but that these extreme soils had different species compositions.  In the U.S.A., Hopp (1973) speculated that sandy soils contained fewer earthworms than clay soils.  El-Duweini and Ghabbour (1965) surveyed a wide area in Egypt and concluded that populations decreased with increasing sand content, this they related to soil moisture rather than soil texture.  Support for this view came from Sweden where Nordström and Rundgren (1974) attributed positive correlations between clay content and earthworm abundance to properties of clay, such as moisture content, which they supposed were limiting.  Vernon et al. (1981), observed higher populations in wet loam and wet clay and lowest in dry loam, while Lavelle et al. (1987) reported tropical species in a range of soils, from sandy soils to loams, with clay contents from 4-40%.


There have been few studies on the edaphic factors affecting earthworm distributions in Australian soils.  Wood (1974) in NSW, Abbott (1985b) in WA and McKenzie and Dyne (1991) in tropical rainforests in the Kimberleys have all reported positive correlations of biomass of native species with topsoil moisture and proportion of silt and clay (or a negative correlation with coarse sand).  However, the general concept of earthworm exclusion from sandy soils is rebutted by Abbott et al. (1985) in WA who found the native Megascolex imparicystis burrowing in arid sandy soils to a depth of 5 m.  Native earthworms have also been found in the Cooloola sandmass of Qld (C. H. Thompson and G. Dyne, pers. comm.).  Recently in SA, Baker et al. (1992b) found percent clay to be the most important regressor for introduced lumbricids in pastures.  


From the various results obtained from studies in different regions of the world the conclusion is that, despite local trends and a reliance on moderate moisture levels, few generalisations can be made about soil conditions and earthworm abundance when attempting to explain distributions in nature.  Perhaps the summary, as stated by Lee (1985), is that only at the extremes of soil types are terrestrial earthworms necessarily excluded: from very sandy soils because they are abrasive and subject to desiccation and from heavy clays in humid regions which become anaerobic when flooded and compacted when dry.


Many surveys of the distributions of earthworms in relation to soil moisture and temperature have been reported.  Ljungström et al. (1973) found that several peregrine species in seasonally arid regions of Argentina were abundant at 25% moisture but declined as this fell below 15%.  Reinecke and Ryke (1970) recorded Microchaetus modestus in soils with less than 15% moisture and Lavelle (1974) reported that Millsonia anomala in the Ivory Coast survived in soils with as low as 9% soil moisture (see also Hota and Rao, 1985).  In  Australia, Abbott (1985b) found that several (unidentified) megascolecid species were active only when surface soil moisture exceeded 4%.  It has been suggested that allochthonous lumbricids appear to tolerate lower soil moisture levels and higher temperatures than they do in western Europe (Lee, 1985).  Temperature effects were reported by Reinecke and Ryke (1970) and Madge (1969) for species in Africa which survived field soil temperatures as high as  35C.


Several laboratory studies have investigated the specific environmental requirements of earthworms in order to explain, or predict, distribution and survival.  Most have taken the form of tolerance experiments, measuring growth or survival under various conditions.  Only a few choice/selection experiments have been reported, despite the relative speed with which results can be obtained, and these usually on feeding requirements of lumbricids (Lee, 1985).  Soil texture selections were investigated by Madge (1969) who introduced Eudrilus eugeniae and another tropical species to gradients of soil texture and found a marked preference for the 0.25 mm particle size fraction (fine sand) over both coarse and very fine sand.  Food preferences of lumbricids have been studied by, amongst others, Barley (1959b), Hatanaka et al. (1983) and Hendriksen (1990). 


Many workers have assessed the upper and lower lethal temperatures for a wide range of species (reviewed in Edwards & Lofty, 1977 and Lee, 1985).  Other laboratory determinations of temperature and moisture preferences have used differentially wetted towers of soil and recorded migrations (e.g. Grant, 1955a, 1955b; Madge, 1969; Daugbjerg, 1988; Lavelle et al., 1987).  However most of these studies failed to account for the vertical burrowing response normal to most species. 

Effects of agricultural practices

Various management practices have been identified that influence earthworm diversity and activity (e.g. Rovira et al., 1987; Lal 1988; Haines and Uren, 1991; Kladivko & Timmenga, 1990; Buckerfield, 1992; Lee & Pankhurst, 1992).  Adverse operations are cultivation, vegetation clearing, monoculture and biocide application; whereas earthworms are enhanced by mulch farming, reduced-tillage, cover crops, agroforestry, irrigation, liming and other ecologically compatible farming practices.  Crop types are also a factor in earthworm distributions (e.g. Westernacher & Graff, 1987).  Some workers have suggested that earthworms may be suitable as bioindicators (e.g. Rovira et al., 1987; Daugbjerg, 1988; Bhadauria & Ramakrishnan, 1989; Christensen & Mather, 1990; Lal & Stewart, 1992).  Sustainability of agroecological environments may only be fully realised when techniques are implemented that encourage biodiversity and natural processes (e.g. as reported by Lee, 1991, and as discussed by Greenslade, 1992 and Sriskandarajah & Dignam, 1992).  In this context earthworms may be likened to monitors of the health of soil systems. 

AGRONOMIC POTENTIAL OF EARTHWORMS

General constraints on plant growth are water, nutrients and predation (including disease), all of which can be influenced by earthworm activity.  Interactions with soil physicochemical and biotic factors, i.e. the mechanisms by which earthworms modify their environment, will be considered in a later section.  Here the concern is the direct effects of earthworms on soil fertility as measured by plant growth. 

Effects on plant production

Plant productivity studies have generally taken one of two forms: that of pot or glasshouse experiments and that of earthworm modifications in field trials.  Reviews can be found in Edwards and Lofty (1977) and Lee (1985).  Consolidated summaries, including more recent reports, are presented in Table 1.2, for pot experiments, and Table 1.3, for field trials (note, only those references from these tables not cited in either of the two reviews above will be given in the bibliography).


A few reported glasshouse studies have assumed negative effects, whereas some other results are overstated.  Between these extremes are many variable results which probably relate to species and soil differences and to different methods of study, analysis and interpretation (Table 1.2).  Although permitting better control of the variables, pot trials are often run for relatively short periods of time and several general criticisms have been made (e.g. by Hopp & Slater, 1949; Edwards and Lofty, 1977; Logsdon & Linden, 1992) especially for:

  • using unrealistically high populations so that the mortality of earthworms provides nutrients

  • using casts or compost (i.e. earthworm products) rather that the direct effects of live earthworm activity

  • failing to differentiate between earthworms increasing soil fertility and earthworms thriving in fertile soils

  • failing to report negative results

  • inadequate description of species and soils

  • insufficient replication leading to poor statistical validity.


Glasshouse experiments are frequently used to investigate potential and mechanisms, but findings do not necessarily translate directly to the more complex field situation (as discussed by Mackay et al., 1982; Wright & Coleman, 1988; Teuben & Verhoef, 1992).


Field experiments have typically involved inoculation of field sites where the natural populations are sparse (Table 1.3), or by comparison with sites where the natural populations have been removed (e.g. Parmelee et al., 1990; Clements et al., 1991) or removal then re-introduction of various components (e.g. Edwards & Lofty, 1980).  A problem with field experiments is finding sites which are completely worm-free, consequently perhaps the most definitive results have come from areas such as Canada or New Zealand, where the native fauna declined following pastoralism and exotic species had yet to colonise (e.g. Waters 1951; Langmaid, 1964; Springett, 1985), or in land reclaimed from water (e.g. vanRhee, 1969; Hoogerkamp et al. 1983, Curry & Boyle, 1987) or from deserts (e.g. Temirov & Valiakhemedov, 1988).   Quantification of responses solely attributable to earthworms is difficult to obtain in the field in the short-term due to the myriad of variables.  Perhaps earthworm survival is a better measure or, in case of land rehabilitation, the improvement of soil, rather than plant production per se.  The time period for results to stabilise is also a consideration.  Negligible or deleterious effects on crops are sometimes reported (e.g. Puttarudiah & Sastry 1961; Rose & Wood, 1980), but positive effects are more common (Table 1.3).

Table 1.2 Summary of pot experiments of earthworm effects on plant yields (treatment effects are the difference in responses of treatments compared to controls as a percentage of the control values).
_____________________________________________________________________________________________________________________













Treatment effects 

Workers

Dates
Countries

Spp.


Plants

relative to controls (%)

____________________________________________________________________________________________________________________​​​​​

Wollny

1890
Germany

lumbricids


crops

"useful effects"

Russel

1910
U.K.


lumbricids


   ?


25%

Hopp & Slater
1948
U.S.A.

mixed lumbricids

hay/clover

-48% — 495% (mean 150%)

Hopp & Slater
1949
U.S.A.

Aporrectodea caliginosa/
millet

11% (difference not significant)








Diplocardia sp.

lima beans

8% (difference not significant)












soybean tops

248%












wheat grains

20%

Nielson

1951/1953  N.Z.

mainly lumbricids

turves & grass
58% — 98% & 31% — 110%

Waters

1951
N.Z.


A. caliginosa

rye grass

<190%? (worms removed)












clover & grass
-3% — 117%

Ponomareva
1952
U.S.S.R.


?


crops


400%?

Zrazhevskii
1958
U.S.S.R.

A. caliginosa

oak & ash saplings   
26% & 37%

Atlavinyte et al.
1968
U.S.S.R.

lumbricids


barley

92% — 201%

vanRhee

1965
Holland

A.longa/Lumbricus terrestris grass,wheat,clover   
287%, 111%, 877%

Marshall

1971
U.S.A.?

A. caliginosa/L.terrestris
black spruce

significant increase >1 yr. 

Atlavynte & Pocine  1973
U.S.S.R.?

A. caliginosa

oats


20% — 50%

Aldag & Graff
1975
Germany?   
Eisenia fetida

oat seedlings

8.7% (21% protein)

Edwards & Lofty
1978/80
U.K.


4 lumbricid spp.

barley

some plant increases

Graff & Makeshin 1980
Germany

lumbricids


ryegrass

10% (using exudates)

Abbott & Parker 
1981
Australia

A. trapezoides

ryegrass
  
-23% 

Atlavinyte & Vanagas     
1982
Lithuania
A. caliginosa/L. terrestris
barley grain
4% — 220%

Mackay et al.

1982
N.Z.
A. caliginosa/L. rubellus
ryegrass

2% — 40% 

McColl et al.

1982
N.Z.
A. caliginosa

ryegrass

5% — 50%

Atlavinyte & Zimkuviene 
1985
Lithuania
A. caliginosa

barley 

56 — 96% germination x 20 

James & Seastedt

1986
U.S.A.
A.caliginosa/Diplocardia sp  bluestem shoots
-7% — 18%

Kladivko et al.

1986
U.S.A.
Lumbricus rubellus
corn seedlings
greater emergence

Sharma & Madan

1988
India
earthworms & dung
wheat and maize
slight differences 

Temirov & Valiakhmedov 
1988
Tajikistan
Allolobophora parva
barley

up to 514% yield

Haimi & Einbork

1992
Finland
A. caliginosa

birch seedlings
200% in 119 days

Haimi et al.

1992
Finland
L. rubellus


birch seedlings
28.5% in 1 yr

Spain et al.

1992
Africa
5 tropical spp

maize

-12% — 154% in 84 days







3 tropical spp

green panic grass
-10%—214% in 70 days

Pashanasi et al.

1992
Peru
Pontoscolex corethrurus
tree seedlings
-80% — 2,300% 120 days

Williams & Baker

1993
Australia
A. trapezoides & E. rosea
wheat

39% & 13%

Table 1.3  Summary of field experiment results of earthworm effects on plant yields (treatment responses expressed as a percentage of the control yields) and observations.
___________________________________________________________________________________________________________________

Workers


Dates
Countries
Spp.



Plants

Response (% control) 

___________________________________________________________________________________________________________________

Ribaudcourt & Combault 
1907
Belgium
lumbricids


crop?

increased yields 

Kahsnitz


1922
U.S.S.R
lumbricids 


peas and oats

70%

Dreidax


1931
Europe?
lumbricids


winter wheat

increased yields

Waters


1951
N.Z. 
lumbricids


pasture 
correlation  worms:yield (r=0.87)

Uhlen


1953
Sweden
L. rubellus/L. terrestris
barley in garden
increased growth

Duff


1958
N.Z.
A. caliginosa

natural grassland
70% after 5 years

Stockdill


1959
N.Z.
A. caliginosa

10 yr old pasture
72% 

Stockdill & Cossens
1969
N.Z.
lumbricids


17 yr old pasture
19% — 45%

vanRhee


1969/77
Holland    A. caliginosa/L. rubellus
fruit orchards
2.5%, (140% roots)

Noble et al.

1970
N.S.W.
A. caliginosa

pasture

10% (difference not sig.)

Atlavinyte


1974
U.S.S.R.
A. caliginosa

barley

78% — 96%

Edwards & Lofty

1980
U.K.
4 lumbricid spp.

barley plants
57%












barley roots
181%













barley grain
24% (difference not sig.)

Atlavinyte & Vanagas     
1982
Lithuania
A. caliginosa/L.terrestris
barley grain
>200% and + quality












rye grain

lower but + quality

Hoogerkamp et al.

1983
Holland
lumbricids


Polder pastures
10% after 10 yrs

Springett


1985
N.Z.
A. longa


pastures

27% after 1½ yrs

Curry & Boyle

1987
Ireland
lumbricids


reclaimed bog
25%—49%

Temirov & Valiakhemedov
1988
Tajikistan
Allolobophora parva
barley in desert 
more effective growth

McCreadie & Parker
1991
W. A. 
A. trap./Microscolex dubius 
wheat

62%

Temple-Smith

1991
Tasmania
A. caliginosa/A. longa
pasture

60 — 75% in 2 yrs

____________________________________________________________________________________________________________________


Whether in pots or the field, most experiments have used lumbricids, that is members of the family Lumbricidae e.g. Aporrectodea, Eisenia, Allolobophora and Lumbricus.   However, several earlier reports fail to adequately differentiate between species.  Aporrectodea caliginosa and A. trapezoides are often confused.   Only about six lumbricids and about the same number of tropical species have been studied in any detail with regards their effects on plant growth (Lee, 1992).  Considering that there are about 3,000 named earthworm species (approximately 300 Australian natives), and that possibly many more remain undescribed, then the range of material available for study is enormous. 
Much work is still required to better understand the most effective combinations of species under particular edaphic conditions necessary for enhanced plant production.  

Rates of spread of introduced earthworms

The great advantage of using organisms, such as earthworms, rather than abiotic remedies for soil degradation is that once introduced they will multiply and disperse.  An often quoted rate of spread of up to 10 m yr-1 for lumbricids (e.g. Hamblyn & Dingwall, 1945; vanRhee, 1969; Hoogerkamp et al., 1983; Stockdill, 1966, 1982; Stein et al. 1992) may not apply to all species as some can move more rapidly.  Mather and Christensen (1988) report that Lumbricus terrestris migrated up to 19 m in one night.  There is a need to differentiate between active dispersal or rate of migration and that of passive dispersal or transportation by other agencies such as stock, machinery and water (Lee, 1985; Marinissen & van den Bosch, 1992).  Lumbricids have been transported to most regions of the world during the past 500 years and have colonised rapidly.  In Australia, just 100 years after European settlement, Fletcher (1887a) recounted how two interlopers: Eisenia fetida and Aporrectodea turgida (=A. trapezoides or A. caliginosa) had spread from NSW to Victoria and Adelaide and Fletcher (1890) stated that Grafton and Braidwood, both in NSW, appeared to be the most northerly and westerly locality of these ubiquitous worms.   An estimate for the rate of spread of these lumbricids as they followed European colonisation of Australia would be close to 10 km yr-1.

Effects on soil processes

Introduction.
The importance of soil fauna to pedogenesis and plant production was known at the time of Darwin (1881).  Only slowly, and through much subsequent research, are the energy and nutrient dynamics, the trophic relationships and the interactions between the various elements being elucidated. Perhaps three of the most important functions attributed to soil biota are: 


•
regulation of nutrient cycling processes


•
maintenance of soil structure


•
direct and indirect interactions with plants

Earthworms, as major components of the soil macrofauna and as potential restorative agents, have significance in all these processes, either directly (e.g. by working the soil) or indirectly (e.g. by influencing microorganisms).  The issues of soil physical properties, chemical fluxes, soil formation, plant production and decomposition, and soil biotic processes are all interrelated.   The mechanisms and magnitudes of the contribution of earthworms are considered here.  Reviews may be found in Edwards and Lofty (1977) and Lee (1985), only the most salient points, or research subsequent to these reviews, has been presented in this critique. 


Nutrient cycling.
Just as the fertility of a soil influences its carrying capacity for earthworms, so are earthworms important regulators of the qualitative and quantitative supply of plant nutrients, especially Nitrogen (N) and Phosphorus (P).  Moreover, as biotic entities, the activities of earthworms are in synchrony with those of plants and are at the site of most nutrient exchange: the rhizosphere (root zone).  There are many investigations into the complex interactions and roles of earthworms in nutrient cycling (summarised in Lee, 1989; Lee & Pankhurst, 1992).  The main source of nutrients for earthworms is the "fast" cycling component of recent organic matter (Coleman et al., 1983), especially that liberated by saprophytic fungi and bacteria; soil mineralogical nutrients are a lesser source, even for "geophagous" earthworms, while inorganic fertilizers added to agricultural soils are either a benefit, through increasing plant organic matter production, or a hazard where they increase acidity (Springett, 1985; Lee & Ladd, 1984; Lee, 1985; Lavelle, 1988). 


Cycling of nitrogen, the most abundant of the nutrients, is generally well understood.  It has been estimated that earthworms may be responsible for processing up to 100-150 kg ha-1 of N yr-1 in some environments (Keogh, 1979; Lee, 1985), the main processes involved are:

  • excretion of NH4 and urea - up to 50 kg ha-1 of N yr-1 (Lee, 1989) 

  • secretion of mucoproteins from the epidermis and gut - up to 50 t ha-1 yr-1 of mucus containing 3% N for a species in Mexico (Lavelle, 1988) 

  • casting - casts often have 1.5-5.0 times concentrations of NH4-N (Lee, 1985; Lavelle et al., 1992)

  • mortality - bodies (dry mass) contain about 80% protein (12% N), death may release 9-75 kg ha-1 of N yr-1 (Christensen, 1988; Lee, 1989) 

  • stimulation of nitrogen metabolising microbes either symbiotically or synergistically (Lee & Pankhurst, 1992).

• increasing N leachates - up to 60-fold for NH4-N and 10-fold for NO3-N (Anderson et al., 1983).


Phosphorus and sulphur (S) cycles are also important but the processes are not as well understood (Lee, 1985, 1989).  Fresh worm casts often have higher P levels, in the order of five to ten times compared to soils, and the proportions of N:P:S in body proteins are about 12:1:1 (Lee, 1989).  The next three studies, all from New Zealand, illustrate these points.  Syers and Springett (1984) estimated that in pastures, annual inputs from earthworms would increase nutrient totals by up to 42 kg ha-1 for N and 9 kg ha-1  for P and S.  Mansell et al. (1981) presented evidence that earthworms increase the short-term plant availability of P, derived from plant litter, by 2-3 fold.  Recently, Basker et al. (1992) recorded increased available potassium (K) in soil in 'petridishes' - equivalent to 31.8 kg ha-1, after 21 days of earthworm activity. 


According to Lee (1985), earthworms are relatively minor contributors to carbon (C) assimilation and energy flow in temperate ecosystems although, in N.Z pasture, estimates of annual C flux increases from 300 to 1000 kg ha-1 have been estimated when worms were introduced (O'Brien & Stout, 1978).  In tropical systems, assimilation of 10-15% of gross annual primary production may be attributed to earthworm activity (Lavelle, 1974).


Water relationships.
Through modification of their environment, earthworms gain the double benefit of better moisture and greater food supply via enhanced plant growth.  Improved soil water relations are perhaps some of the most direct and significant effects of earthworm activity, particularly where water is limiting.  Other, interrelated considerations are that greater through-soil movement of water may increase nutrient solution and leaching, but decrease waterlogging and erosion due to runoff.  Burrow channels that allow greater entry of water may also provide better root access to moisture and nutrients at depth.  However, increased plant vigour also increases water demand.


In the early experiments of Hopp and Slater (1948), infiltration rates increased 2.7-4.6 times in barrels inoculated with living worms, but not where surface litter was removed.  Similar trials by Guild (1955) were accompanied by waterlogging in soils unworked by worms.  In Australia, Abbott and Parker (1980) found that presence of an exotic species (Microscolex dubius) in combination with clover mulch doubled infiltration rates in small pots.   


Many field investigations have demonstrated that earthworms increase water holding capacity of soils and hence soil stability and plant growth.  In particular, the effects of various cultivation practices have been compared.  Ehlers (1975) in Germany compared tilled and zero-tilled corn fields finding more worm burrows and infiltration rates about 6 times greater in the latter.  Lal (1974) made comparisons in similar situations in Nigeria, where eudrilids are common, and found about 24 times the numbers of worm casts and infiltration rates almost doubled under zero-till plots.  Also in Nigeria, Wilkinson (1975) showed a positive relationship between infiltration rates and earthworms in fallow and Aina (1984) confirmed a 2.5 times increase in infiltrability due to earthworms in forest soils.  A correlation between infiltration and earthworm biomass was also presented by Stewart et al. (1988) for a study in the U.K.  These latter workers advocated farming initially for the "benefit of the earthworms" when utilising degraded land.  This was exemplified in a study by Clements et al. (1991) where elimination of earthworms by 20 years of deliberate biocide (and fertilizer) overuse in a pasture, led to reduced infiltration rates and lower soil moisture (by about 6%).


New Zealand studies reported that pastures with introduced lumbricids, had, compared to pastures without earthworms, a 17% greater moisture capacity, doubled infiltration rates and half the surface run-off (Stockdill, 1966; Stockdill & Cossens 1966; Stockdill, 1969; Sharpley et al. 1979; Stockdill 1982). Adding a deep-burrowing species to a similar earthworm-occupied soils resulted in additional soil moisture of about 4% and almost doubled infiltration again (Springett, 1985).


In orchard soils, van Rhee (1969) demonstrated an increase of about 10.8% in the moisture available for plants, when earthworms were present.  An Australian study by Tisdall (1978) reported a very high lumbricid population in a non-cultivated, heavily mulched and irrigated orchard not subject to heavy biocide applications.  This population was associated with a much higher soil porosity and infiltration rate.  A later study (Tisdall, 1985) found relationships between management techniques and earthworms, and earthworms and porosity/infiltration: irrigated, non-cultivated, pasture rotations produced highest values.  


Soil structure.
Soil structure and soil biota are interdependent: well structured soil, which develops in response to biotic and abiotic (e.g. mineralogical and weathering) factors, has greater scope and diversity of microhabitats.  Earthworm distribution relies partly on the texture of soil, while the activity of earthworms modifies their environment, particularly the soil structure.  The main mechanisms involved are burrowing and casting which permeate, mix and bind soil.  Experiments have shown that degraded soils with earthworms alone, or in combination with plants, can develop decreased bulk density and enlarged porosity and structural stability (e.g. McColl et al., 1982; Aina, 1984; Shaw & Pawluk, 1986; Stewart et al. 1988; Springett et al., 1992; Zhang & Schrader, 1993).  The opposite effect, the  deterioration of soils from which worms have been deliberately excluded, has also been recognised (e.g. Clements et al., 1991).  Occasionally, earthworm activity has a negative effect on soil structure through excessive mixing leading to compaction and erosion (Lee, 1985); yet this mixing of soils and preferential ingestion and deposition of smaller particles may contribute to the formation of soil profiles (e.g. Darwin, 1881; Lee, 1985; Lavelle, 1988).  Mixing also improves incorporation of surface applied treatments, such as lime, fertilizers and biocides (Stockdill, 1966; MacKay et al., 1982).


The magnitude of physical effects depends on the existing structures of soil, the composition of the earthworm community and on the interval of observations.  Some examples of the contribution to amelioration or maintenance of structural characters are:

  •
bulk density increases of 12-19% after 20 years without worms (Clements et al., 1991) 

  • 
porosity related to earthworm burrows constituting about 5% of total soil volume (Edwards & Lofty, 1977) 

  •
aeration increased by about 10-20% (Lee, 1985)

  • 
water-stable aggregates >2.0 mm increased by 21-47% with earthworms (and plants), compared to controls after 30 months (Blanchart et al., 1990; Blanchart, 1992)

  • 
cast materials found to have greater structural stability than the surrounding soil (Lavelle, 1988; Lee & Pankhurst, 1992; Zhang & Schrader, 1993).


Worm casts.
Considerable rates of deposition have been reported and several workers have also found casts to be enriched in plant available macronutrients and micronutrients, proteins and enzymes when compared to the soil matrix.  Common estimates of annual productions of surface casts in temperate regions of 4-250 t ha-1 are lower than some reports from the tropics, of ranges of about 60-600 t ha-1 (Edwards & Lofty, 1977; Lavelle, 1978; Lee, 1985; Lal, 1987).  Highest estimates in the tropics, by Lavelle (1988) and Lavelle et al. (1989) are of over 1,000 t ha-1 yr-1.  Surface casting varies with species, season and soil type, but the common ranges above represent deposition of continuous layers of soil from about 0.2 to 2.0 mm thick annually (Darwin, 1881; Lavelle, 1988).  Barley's (1956c) estimate of 2.5 t ha-1 casting in pastures in South Australia is exceptionally low.  (Note: higher figures for cast production in the tropics of 2,100 and 2,600 t ha-1 yr-1, reported in Edwards & Lofty (1977 p.144), are overcalculations from the original sources by a factor of ten).   It is pertinent that most earthworms work below ground where their casting may be many times greater (Lavelle, 1988).  For example, Shipitalo et al. (1988) give maximum sub-surface adjusted casting rates in the order of 280-950 t ha-1 yr-1.  


Lunt and Jacobson (1944) established that worm casts are enriched in N, P, K, Ca and Mg.  Many subsequent studies have shown that secretion of CaCO3 or NH3 in the gut affects the pH of casts, which tend to neutrality, and that the amounts of exchangeable cations released in casts are often more than double the rates in the substrate (Lee, 1985).  Most studies have involved lumbricids, relatively little is known about the cast compositions in other groups (cf. Barois, 1992).  Despite having higher nutrients, direct contribution of casts to improved plant growth may be moderate, for example, Mansell et al. (1981) detected only slight increases in yields with cast material when added at "normal" rates of application (equivalent to average casting rates from the field).  However, Kale et al. (1992), found that vermicompost (a type of organic fertiliser made from worm casts), through enhanced activity of microbes, significantly increased availability of soil nutrients to plants. 


Burrows and roots.
Earthworm species vary in, and have been ecologically categorised according to, their burrowing and feeding strategies (Lee, 1985, 1987).  Burrow diameters range from about 1 to 10 mm and extend as deep as 15 m.  Therefore they have profound implications not only for aeration and water conductivity but also for channelling of plant roots.   Earthworms are able to exert considerable pressure when probing compacted soils (McKenzie and Dexter, 1988a, 1988b).  Several researchers have noted root proliferation in burrows which they usually attribute to the combined effects of following paths of least resistance and of better access to nutrient and moisture gradients in the drilosphere (e.g. Edwards and Lofty, 1978, 1980; van Rhee, 1965, 1977; Ehlers et al., 1983; Springett, 1985; Wang et al., 1986; Parker, 1989; Dexter, 1991).  Several aspects and examples of the effects of burrows on root growth are summarised in Logsdon and Linden (1992), who argue that improved root growth does not always translate in increased crop growth.   


Although earthworms obtain much of their nutrition via dead root material and root exudates (Lee and Pankhurst, 1992), rhizophagy is uncommon (Lavelle, 1983, 1988) but is reported for some species (Baylis et al., 1986; Cortez & Bouché, 1992). 


Root mats and organic matter.
Through feeding, mixing and stimulation of microflora, earthworms regulate the rates of mineralisation and immobilisation of soil organic matter (SOM).  This aptitude, nevertheless, varies according to climatic conditions and the precise nature of the organic reserves (Martin et al. 1992).  In temperate regions, absence of an earthworm fauna is often accompanied by undesirable accumulation of surface litter and root mats.  Barley and Kleinig (1964) and later Noble et al. (1970) reported that the successful introduction of lumbricids to pasture soil in NSW greatly reduced root mats and stimulated cycling of N locked in this organic layer.  The opposite position, found by Parmelee et al. (1990) and Clements et al. (1991) when earthworms were excluded, was an obvious build-up of the organic matter in the litter layer.  Conversely, in the humid tropics earthworms were found to have contrasting effects on soil organic matter dynamics: accelerating mineralisation (of labile SOM) in the short-term, due to digestion, but arresting the decomposition (of recalcitrant SOM) in the long term by protecting nutrients within water-stable casts (Lavelle et al., 1989; Martin, 1991; Martin et al., 1992; Lavelle & Martin, 1992).  Thus earthworms activities, although varying with species and region, regulate the rate of mineralization of nutrients from organic matter reserves in different but balanced ways in both temperate and tropical environments.  


Mesofauna and microorganisms.
The trophic, symbiotic, competitive, and synergistic relationships with beneficial or pathogenic nematodes, microarthropods, microorganisms and fungi are complex (Lee & Ladd, 1984; Lee & Pankhurst, 1992).  Both external and internal relationships exist.  Experimental evidence shows that certain organisms, particularly microflora, are killed during gut transit, whereas others proliferate.  Microfauna populations are also affected, for example Yeates (1981, quoted in Lee, 1985) reported nematode populations reduced by 37-66% when earthworms were introduced to soils. Senapati (1992) found that mainly plant parasitic nematodes were reduced whereas microbivore nematodes increased.  As for Collembola, Marinissen and Bok (1988) ascertained that presence of earthworms favoured survival of both larger species and individuals. 


Perhaps the most significant influences are on microorganisms and actinomycetes, some of which increase logarithmically after passing through an earthworm's gut (Lee & Ladd, 1984; Edwards & Fletcher, 1988).  Other organisms are reduced suggesting they are a major part of the earthworm diet: especially (bacterivorous) protozoa and fungi, algae less so and bacteria the least important (Lee & Ladd, 1985; Edwards & Fletcher, 1988).  Mechanisms of mutualistic digestion in earthworms, involving gut symbioses, have been proposed for several members of tropical and temperate species (Barois & Lavelle, 1986; Martin et al., 1987; Martin, 1988; Lavelle, 1988; Barois et al., 1987; Barois, 1992; Trigo & Lavelle, 1993).   Moreover, the potential for free N-fixing in the gut has been demonstrated in some earthworms (Barois et al., 1987, reported in Lavelle et al., 1987).  Enhanced dispersal and viability of spores and propagules of fungi and microorganisms in the presence of earthworms have been reported for both pathogenic (Edwards & Fletcher, 1988) and beneficial organisms (Buckalew et al., 1982).  Beneficial, vesicular-arbuscular mycorrhizas (VAM) were transmitted in casts of 13 species of earthworms, as was Frankia (a nodulating, symbiotic N-fixing actinomycete) in one species (Reddell & Spain, 1991a, 1991b).  Kale et al. (1992) also found increased colonisation of plants by mycorrhizae, and higher soil counts of total microbes, especially N-fixers and spore formers, following application of vermicompost. 


Recently, the potential dual benefit of reduced severity of Rhizoctonia and "take-all" pathology in wheat combined with increased root colonisation with symbiotic Rhizobium and Pseudomonas through earthworm activities were found (Drs P.M Stephens and B.M. Doube  pers. comm.).


Plant growth factors. 
Release of metabolites that stimulate plant growth has been proposed by several authors to explain some of the effects of earthworms on plant growth.  Plant growth promoting substances (e.g. vitamins, plant hormones, enzymes and amino acids) have been detected in earthworm extracts (e.g. Gavrilov, 1962; Nielson, 1965; Graff & Makeschin, 1980; Dell'Agnola & Nardi, 1987).  Earthworms have been found to stimulate soil enzymes, such as glucosidase and phosphatase (possibly of microbial origin) which influence availability of plant nutrients (e.g. Ross & Cairns, 1982; Tiwari et al., 1989).  Nielson (1965) identified indole compounds in extracts of several lumbricids while Springett and Syers (1979) suggested that auxin-like substances are present in casts.  Microbially derived plant hormones have also been isolated from earthworm casts (Tomati et al., 1988).  Production of specific plant hormones by earthworms adds weight to the arguments for their co-evolution.
Programs to introduce earthworms

There are many reports, from around the World, of introductions of earthworms to increase productivity or to rehabilitate degraded soils.


Ghilarov and Perel (1984) discussed the various soil amelioration programs in the then Soviet Union.  They deemed the transportation of earthworms into new areas a significant factor of soil fertility improvement.  Such transfers were successful in various locations:

  •
in artesian irrigated new oases in Kyzyl-Kum desert

  • 
in new territories irrigated by canal in Turkmenia

  •
in orchards of Trans-Ili Alatau

  •
in forest plantations of Trans-Volga semi-desert.

Subsequent studies were conducted by Temirov and Valiakhemedov (1988)  in irrigated high-altitude desert soils in Tajikistan; and Vsevolodova‑Perel' and Sizemskaya (1990) who have introduced earthworms under forest plantations in the Caspian Sea region.


For the west European region, Brun et al. (1987) discussed prospects and limitations of the biological improvement of soils by stimulation or introduction of earthworms.  They concluded that the large scale use of earthworms for soil improvement was feasible.  There have been several introduction projects.  For example Huhta (1979) introduced Aporrectodea caliginosa into coniferous forests in Finland with encouraging results.  Knight (1989) summarised earthworm research around the world and reported on a farmer in Scotland who improved pasture by a combination of inoculating his land with earthworms, adding lime and reseeding with clover allowing a 50% increase in stocking rates.   In Dutch polders (land reclaimed from water), there have been several well reported introductions (e.g. van Rhee, 1969; Hoogerkamp et al., 1983; Hoogerkamp, 1984), while cleared peat areas in Ireland have also benefited from earthworm introductions (Curry & Bolger, 1984; Curry & Boyle, 1987).


In America, worms have been introduced in order to reclaim mine spoil sites (Dunger, 1969; Vimmerstedt & Finney, 1973; Hamilton & Vimmerstedt 1980). 


Reports from most other regions of the world are scarce except for a few studies from India and Africa (Ljungström, 1972; Smetacek, 1991; Save & Sanghave, 1992; Lavelle et al., 1992).


For New Zealand, Stockdill (1982) reported on pioneering work done there on the effects of introduced earthworms on the productivity of pastures.  The introduction of earthworms to one site resulted in a 70% increase in spring pasture production after four years, which  later levelled off to about 30% higher than uninoculated fields (as noted above, infiltration rates were doubled and soil moisture increased by 17%).  Cost benefit studies indicated that earthworm introduction presented a highly profitable development opportunity for New Zealand farmers with unpopulated pastures.


From Australia there are only a few published studies.   Barley and Kleinig (1964) and Noble et al. (1970) which both report on the introduction of A. caliginosa into irrigated pastures in NSW.  There was a resultant reduction in root mat thickness, C:N ratio and bulk density of the soil.  Blackwell and Blackwell (1989) introduced lumbricids and Eukerria saltensis in a red-brown earth in NSW and reported increased air permeability.  Studies by Abbott and Parker (1981) and McCredie and Parker (1992) in WA culminated in 62% increase in wheat yield (and greatly improved soil structure) three years after introduction of Aporrectodea trapezoides and Microscolex dubius.   More recently, a redistribution program in Tasmania using A. caliginosa and A. longa has demonstrated increases in productivity of pasture by up to 70% (Temple-Smith, 1991).   An interesting contrast to the introduction of worms, largely of European origin, into Australian soils is reported  by Sims and Gerard (1985) where Australian earthworms were transported to Scotland in an attempt to reduce peat layers. 

Conclusions

The beneficial effects of the ubiquitous earthworm have been clearly demonstrated.  Earthworm activities influence rates of soil turnover, mineralization and humification of soil organic matter.  Improvements in consistency of soil texture with concomitant increases in porosity, infiltration and soil-water retention characteristics have also been measured for worm-worked soils.  Biocatalytic effects on plant growth are well documented, yet good plant growth is possible without earthworms.  The question whether earthworms improve soil fertility, or just thrive in fertile soils has now been largely resolved in favour of the former option (e.g. Satchell, 1983 pp. xi-xii).  Their contributions are masked in well functioning ecosystems, only becoming apparent when these environments are disturbed and the numbers of earthworms are reduced.  Management of agroecosystems often disrupts natural relationships and may cause severe deterioration of soil fertility in the long term, requiring large energy inputs to artificially maintain or restore production.  Soil degradation, especially in the tropics, has been related to reductions in activity and diversity of soil fauna (Lal, 1988).  Efforts to restore or complement the earthworm component in temperate soils have often been met with marked success.  Yet only a small selection of species are commonly used.  There are fewer reports from the tropics where the promise is for a greater diversity of available species.  Gaps in our knowledge are of the range and potential of species most suited to survive in managed tropical soils.  Introduction programs imply a reassessment of farming practices to ensure the survival of earthworms, which then act as monitors of sustainability.  Such option becomes more attractive, economically and environmentally, as our understanding of the beneficial activities of balanced soil communities accrues and as the problems of soil degradation become more critical. 

2.1 SURVEYS
Warning:  A thesis is not a valid publication under the rules of ICZN.  Therefore, published reference should not be made to the token names I have given to new species herein (see Table 2.1).  Such an action leads to confusion, is illegal and would result in the name, when published, being nomen nudum.

Introduction

Until recently, most Australian collection has been taxonomic (Jamieson, 1981).  Only in the last decade have systematic, ecological surveys been conducted and these mainly in the southern states (e.g. Abbott & Parker, 1980; Abbott, 1985a, 1985b; Tisdall, 1985; Kingston, 1989; Baker et al., 1992b).  Studies have tended to polarise into ecology of the diverse, but often restricted, native fauna (e.g. Wood, 1974; Abbott, 1985b; Van Praagh, 1992) or more widespread exotic fauna which colonises managed soils (Barley, 1959a, 1959b; Abbott, 1985a; Rovira et al., 1987; Baker et al., 1992a, 1992b).   Ecological and agronomic studies have tended to merge with the acceptance of cultivated lands as part of the "environment".  There are few reports on the ecological distributions or agricultural potential of earthworm in sub-tropical soils, but in some habitats, such as the brigalow region, the perception is of low diversity.


The current study responded to this dearth of information on earthworm ecology in the sub-tropical soils of south-east Queensland.  Prerequisites were to gauge the scope of the diversity and abundance issue and to collect specimens for study.   Earthworm distributions are typified by great variation, both spatially and temporarily, thus the needs were to investigate a wide range of habitats in different seasons.   Correct identification of species and descriptions of sites were considered essential.  The aims were to investigate the earthworm fauna of areas representative of the study domain, viz. brigalow soils, and to seek from a wider area those species with potential for introduction to these soils.
Methods

Surveys consisted of literature searches, contact with field researchers, and visits to field locations (or collection by others).  Survey sites were, in the main, research stations where access and accommodation were provided and information on climate, soil and history of cultivation was available.  At these stations, two strategies were adopted.  One strategy was to sample at random within areas of pasture or cultivation for quantitative data.  The second strategy was for directed searching in habitats likely to support earthworms e.g. field margins, under litter, in moist patches of soil, so that an estimate of species diversity was obtained.  For quantitative site surveys, a square digging tool was designed of 31.6 x 31.6 cm side (0.1 m2) with a 10 cm blade, sharpened to cut through root mats.  Initially, smaller quadrats of 25 x 25 cm were taken, but it became apparent that the low incidence and patchiness of earthworm distributions meant that erratic estimates were obtained.  Extraction was by digging and thorough hand-sorting.  Formalin vermifuge was rarely applied (due to its toxicity).  Sampling was along transects or at random points.  Sample depth varied, depending on the conditions of soils, but was routinely in 10 cm layers to 30 or 50 cm (these volumes of soil took about one hour per sample to sort).  Most collecting was by the author, alone or with assistance (as acknowledged in the text).  Earthworms were classed into mature (clitellate) or immature age groups and included cocoons.  Soil-free, live weights were measured and sample specimens for identification were preserved, after anaesthetising in dilute alcohol, in 4% formalin then 80% alcohol.

Results
   Taxonomic keys to species, descriptions and drawings of specimens, and pertinent cross-references are presented in Part 2.  These taxonomy sections of Part 2 may be referred to in conjunction with the current sections where, as with other sections, species are merely listed. 


Species.
A list of species obtained, mainly from Queensland, is presented in Table 2.1.   The list is complete for the exotic Qld species, but for natives it includes only those species actually inspected.   A total of 75 species were found: 34 were exotics (about 7 being new records for Australia, plus 9 new records for Qld.) and 41 were native species (27 being new species).  

Table 2.1.  Species amassed during current surveys (records of species from previous reports are indicated): their orthography, origins and Australian status.
______________________________________________________________________

A. Exotics
1  Drawida barwelli (Beddard, 1886), from Qld new record Australia.
2 Pontoscolex corethrurus (Müller, 1856), from north NSW (new record) and Qld.

3  Aporrectodea caliginosa (Savigny, 1826), from ACT, SA and Tasmania. 

4  Aporrectodea trapezoides (Dugès, 1828) from ACT and Qld - new record Qld.

5  Bimastos (=Allolobophora) parvus, (Eisen, 1874) from Qld - new record Qld.

6  Eisenia fetida (Savigny, 1826), from ACT and worm farms in NSW and Qld.

7  Eisenia (=Aporrectodea) rosea (Savigny, 1826), from ACT and Qld - new records.

8  Eiseniella tetraedra (Savigny, 1826), (previously recorded Qld?).

9  Lumbricus rubellus Hoffmeister, 1843, from ACT and Tasmania. 

10 Octolasion cyaneum (Savigny, 1826), from ACT and Qld - new record Qld.

11 Eukerria saltensis (Beddard, 1895), from NSW and Qld - new record Qld.

12 Gordiodrilus elegans Beddard, 1893 species-group - new record Australia.

13 Ocnerodrilus occidentalis Eisen, 1878, new record Qld.

14 Eudrilus eugeniae (Kinberg, 1867), from Qld - new record Australia.

15 Microscolex dubius (Fletcher, 1887), new record Qld.

16 Microscolex phosphoreus (Dugès, 1837), new record Qld.

17 Octochaetona beatrix (Beddard, 1902), from Qld - new record Australia.

18 Dichogaster affinis (Michaelsen, 1890), from Qld - new record Australia.
19 Dichogaster bolaui (Michaelsen, 1891), from Qld.

20 Dichogaster saliens (Beddard 1892/3), new record Qld
21 Perionyx excavatus Perrier, 1872, from Vict and Qld - new record Australia.

22 Amynthas corticis (Kinberg, 1867), from Qld.

23 Amynthas gracilis (Kinberg, 1867), from Qld.

24 Amynthas minimus (Horst, 1893), from Qld.

25 Amynthas morrisi (Beddard, 1892) (recorded Qld).

26 Amynthas morrisi sp. group, ?sp. nov, new record Australia.
27 Amynthas rodericensis (Grube, 1879), from Qld.

28 Metaphire californica (Kinberg, 1867), from Qld.

29 Metaphire houletti (Perrier, 1872), (recorded Qld).

30 Metaphire javanica (Kinberg, 1867), (recorded Australia?) 

31 Pheretima darnleiensis (Fletcher, 1887), (recorded Qld).

32 Pithemera bicincta (Perrier, 1875), (recorded Qld?).

33 Polypheretima elongata (Perrier, 1872), from Qld.

34 Polypheretima taprobanae (Beddard, 1892), from Qld.

B. Natives (collected from Qld unless stated otherwise):

35 Diplotrema ambrosea sp. nov.
36 Diplotrema bathypharynx sp. nov.
37 Diplotrema capella sp. nov.
38 Diplotrema elstobi sp. nov.
39 Diplotrema heteropora Dyne, 1979.

40 Diplotrema incerta sp. nov.
41 Diplotrema narayensis sp. nov.
42 Digaster anomala Jamieson, 1970.

43 Digaster biracema sp. nov., from northern NSW.

44 Digaster brunneus Spencer, 1900.

45 Digaster conforma sp. nov.
46 Digaster minimus Jamieson, 1975.

47 Digaster montigossypina sp. nov. 

48 Heteroporodrilus bongeen sp. nov.
49 Heteroporodrilus dioecius, (Stephenson, 1933).

50 Heteroporodrilus doubei sp. nov., from northern NSW.

51 Heteroporodrilus jamiesoni sp. nov. 
52 Heteroporodrilus oxleyensis, (Fletcher, 1889).

53 Heteroporodrilus thompsoni sp. nov. 
54 Heteroporodrilus tryoni (Fletcher, 1889).

55 Plutellus heteroporus Perrier, 1873, from central NSW.

56 Simsia sebastianae sp. nov., from northern NSW.

57 Sebastianus angus gen. et sp. nov.
58 Diporochaeta bongeen sp. nov.
59 Fletcherodrilus fasciatus (Fletcher, 1890).

60 Fletcherodrilus unicus (Fletcher, 1889), from northern Qld to northern NSW.

61 Fletcherodrilus unicus major (Fletcher, 1890), Qld.

62 Spenceriella buckerfieldi sp. nov., from Vict.

63 Spenceriella citraphobia sp. nov.
64 Spenceriella decapita sp. nov.
65 Spenceriella eustoma sp. nov.
66 Spenceriella healyi sp. nov.
67 Spenceriella longiductis sp. nov.
68 Spenceriella macleayi (Fletcher, 1889), NSW.

69 Spenceriella megagaster sp. nov.
70 Spenceriella minor (Spencer, 1900), Qld.

71 Spenceriella newcombei (Beddard,1887), Qld.

72 Spenceriella novocombei sp. nov.
73 Spenceriella rodericensis sp. nov.
74 Spenceriella sebastianae sp. nov.
75 Spenceriella stephanie sp. nov.

______________________________________________________________________

Sites 
Collection was from about 20 sites, a summary of results is presented in Tables 2.2a and 2.2b.  The intensity of study varied from monthly surveys over a year to cursory half-day inspections.  Sampling from sites was augmented by specimens collected by other workers (as acknowledged in the taxonomy sections).   

Table 2.2a.  Survey main sites and dates.
______________________________________________________________________

No. Site


Soils

Dates

Notes and references

   (Grid reference)

______________________________________________________________________

1  CSIRO Samford
various

II/91-VII/93
See Fig. 2.1

   (2722'S;15253'E)


2  CSIRO Narayen
various

III/91-V/93
Isbell (1962)

   (2541'S;15052'E)


3  DPI Brian Pastures 
clay/loam
VII/91, V/92
(see below)

   (25
37'S;15137'E)

4  DPI Biloela
  
black earths
IV/91, III/92  
(see below)

   (2424'S;15031'E)







5  DPI Mt. Murchison
clay

IV/91

Holt et al. (1993)

   (2419'S;15032'E)


6  DPI Brigalow

vertisol

IV/91    
Holt et al. (1993)

   (2423'S;15031'E) 


7  DPI Kingaroy 

kraznozem
1992

(see below)

   (2632'S;15150'E)







8  QU Mt. Cotton

podzolics
I/92

Hales (1991)

   (2753'S;15314'E)


9  CSIRO "Glenwood" 
granitic sand III/92   

Isbell (1962)

   (2722'S;15253'E)


10 CSIRO sugarcane sites
various

III/91-93



   Harwood, NSW; Bundaberg and Childers, Qld.



11 Warwick Hermitage
black earth 


Thompson (1992)

   (2812'S; 15206'E)


12 QDPI Capella

vertisol





   (2305'S;14801'E)







13 Brisbane (Brookfield)
various

   


   (27
28'S;15301'E)







14 Rockhampton region
clays

   




   (2322'S;15032'E)







15 Bongeen

vertisol

   



  (2734'S;15127'E)








16 Mundubbera

sands and clays


Isbell (1962)

  (2535'S;15118'E)

______________________________________________________________________

2.2b.
Earthworm diversity (Sites from Table 2.2a; Spp codes from Table 2.1).
______________________________________________________________________




Abundance maxima


Site

No.Spp  
________________
Notes







(codes)
No.m-2  g m-2  


______________________________________________________________________

1  Samford
23

263.8
68.1

see Samford below

(1,2,4,5,7,11,13,16,17,19,20,22,23,24,27,34,45,46,49,52,69,71,72)

2  Narayen
6-8

1,020
31.1

see Narayen below



(11,16,?18,?20,38,40,41,60)




3  Brian Pas.
8

N/A
N/A

see Brian Pastures below



(2,4,19,28,44,57,60,70)



4  Biloela
8

142.5
5.0AB

see Biloela below



(2,4,12,13,19,33,36,61)

5  Mt.Murch
0

0
0A

under sorghum


6  Brigalow
0 

0
0

pasture and cultivation

7  Kingaroy
4
 
N/A
N/A

garden and pastures



(2,4,19,60)

8  Mt. Cotton
11

N/A
N/AE
pasture and trees



(2,19,20,22,23,26,27,28,47,52,71)


9  Glenwood
1     N/A
N/A


see Glenwood below



(41)

10 Sugar
4 
N/A
N/A


under sugar



(2,11,27,56)

11 Warwick
0

0
0D

dry cultivated soil

12 Capella
1

N/A
N/AAC
dry cultivation



(37)

13 Brisbane
26

N/A
N/A

gardens and forest

(2,4,5,6,11,13,14,16,18,19,20,22,23,24,27,34,42,51,52,53,60,64,73,74,75)

14 Rockmtn.
8

N/A
N/A

gardens, cultivation and forest 



(2,23,28,33,35,60,66,67)

15 Bongeen
2

N/A
N/A

road verge and sorghum



(48,58)

16 Mundubr.
8 

N/A
N/A

gardens, orchards and fish bait



(4,6,14,15,17,19,28,63)

______________________________________________________________________

A Robertson & Agnew (1991) record maximum abundances of earthworms under zero-till trials at Biloela, Mt Murchison and Capella of 14, 12 and 46 m-2, respectively. 
B L.N. Robertson and B. Radford (pers. comm.) maximum abundances of 39 m-2 and 15 g m-2, mainly of P. elongata in moist soil.
C L.N. Robertson pers. comm., Diplotrema capella, up to 46 earthworms m-2, under zero-till.

D Thompson (1992) recorded maxima of 54 m-2 and 530 g m-2 of A. trapezoides.

E Wilkie (1992) recorded maximum of 754 m-2 dominated by P. corethrurus under pasture.


Samford Research Station.
Samford soils include lithosols, red and yellow podzolics, non-calcic brown earths and alluvials.  A plan of soil types and locations of samples is given in Figure 2.1.  A summary of results for the survey locations marked in Figure 2.1 is presented in Table 2.3.  Great diversity of species and high seasonal abundances were recorded, but not at all locations.  Soil type, vegetation cover and soil moisture appeared to be determining factors.  Drought conditions pervaded the survey period.  For example, surveys from February to June, 1991 showed a general low incidence of earthworms under a pasture and cattle stocking trial (details in Jones et al. 1991) on lithosols and podzolics: from a total of 36 samples taken (from locations 1-4) only four specimens of Pontoscolex corethrurus were recovered.  Table 2.4 presents a summary of results from one of these locations.  However, under native trees (location 5) and a riverside habitat (location 7), immediately adjacent to these pasture trials, a  greater diversity and abundance was found.  Other pastures, on alluvial sandy-loams, had much higher diversities.  Table 2.5 summarises results from a particularly species-rich pasture.   


A pasture site with a low resident population was sought for an earthworm inoculation field trial.  An extensive survey in February and March 1993 located such an available site (location 15).  Table 2.6 summarises the survey data for this location where a mean density (n=10) was equivalent to 16 worms m-2 (1.7 g m-2).   Adjacent habitats had higher numbers: a moist gully just to the north had high populations of Eukerria saltensis, Pontoscolex corethrurus and Amynthas minimus; under a brigalow plantation to the south several Pontoscolex corethrurus were found and, from a sandy loam embankment to the east, was a population of Drawida barwelli numbering up to 1,350 m-2.


From eight samples in which earthworms were found from three seasonally most populous locations (7, 11 and 3) on three dates (3/XII/91 and 5/III/92 and 1/VII/92), maximum average site abundance and density (±se) were calculated as 263.8 m-2 (±191.6) and 68.11 g m-2 (±56.48), respectively.

Figure 2.1  Plan of Samford showing sites of survey. 

Table 2.3.  Summary of Samford earthworm survey results: Site Code is location of sites at Samford from Fig. 2.1; Spp. Code refers to Table 2.1.
______________________________________________________________________










  MaximaA









 _______________

Site
Habitat

Spp




 No. m-2   g m-2. 

Code


Code

______________________________________________________________________


1
Pasture

2




5
na


2
Pasture

0




0
0


3
Pasture

2





430
71.6


4
Pasture

2





120
14.9B

5
Trees

2





100
na


6
Leucaena
22,24





17
na


7
Gully

2,7,22





450 
72.4


8
Pasture

2,22,27





25
na


9
Trees

2,20





200 
10.8


9
Grass shade
2





53
5.6C

9
Grass sun
2





20
1.2C

10
Cultivation
2,11,46,52




180
19.0



11
Pasture

24,27,34




570
158D

11
Pasture

4,11,24,27,34




165
103D

11
Riverbank
2,4,5,11,16,17,19,20,22,23,24,27,34,49,69,71,72
na
na


12
Cultivation
2,20





20
na


13
Cultivation
4,19,22?,23?,24,27,71?



na
na


14
Riverbank
2,7,20,22,23,24,27,69



na
na


15
Pasture

1





350
na


15
Pasture

2,24





16
1.7E

16
Pasture

2,24





na
na


17
Pasture

2





na
na


18
Pasture

1,2,13,24,34?,46



na
na


19
Pasture

2,20





na
na


20
Native scrub
2,20,22,24,45,49



na
na


21
Yards  

19,24,27




na
na


22
Sugar cane
2,20





na
na

TOTAL No. Spp = 23

______________________________________________________________________

na = not available

A maximum values for a location at any sample date

B details below, Table 2.4.
C 50% shading as described by Wilson et al. (CSIRO Annual Report 1990, p 85)

D details below, XII/1991, VII/1992 in Table 2.5.
E details below, Table 2.6.

Table 2.4. Summary of survey results for Samford site 3 (from Figure 2.1), a grazing trial site (paddock 4 in Jones et al. 1991). 
______________________________________________________________





 Earthworm Abundances (0.1 m-2)





 _________________________________



Date
 No.
Depth 
 Spp
 m
im
c
 TOTAL (biomass g)



(SMC) 
Sample
Code



______________________________________________________________

II/91 
 5
 0-30

2
-
1
-
1



TOTAL

0
0
0
1
(0.10)


V/91
3
 0-30

2
1
-
-
1



TOTAL  

1
0
0
1
 na
IX/91
3
 0-30

-
-
-
0

III/92 1
 0-10

2
1
-
-
1

(15.2%)


?A
-
1
-
1



TOTAL

1
1
0
2
(0.62)

2
 0-10  
2
9
5
19
33
(6.30)





?A
6
-
-
6
(0.65)



10-20 

2
-
1
3
4
(0.21)



20-30

-
-
-
0



TOTAL

15
6
22
43
(7.16)

3
 0-30

-
-
-
0

VII/92 1
 0-10  
2
-
-
1
1

(14.6%)


?A
-
1
-
1



10-20  
2
-
1
2
3



20-30  
-
-
-
0



TOTAL

0
2
3
5 
(0.12)

2
 0-10  
2
1
2
3
6



10-20 
 
2
1
4
4
9





?A
-
2
-
2 



20-30  
2
1
1
-
2



TOTAL

3
9
7
19 
(2.83)
______________________________________________________________

SMC% = soil moisture content; Spp codes are in Table 2.1; m = matures; im = immatures; c = cocoons; na = not available.   Totals are bolded. 

A Spenceriella sp. unidentifiable due to immaturity or poor preservation.

Table 2.5. Summary of Samford site 11 survey results.
_______________________________________________________





Earthworm Abundances (0.1 m-2)





__________________________________________

Date
 No.
Depth
Spp    m
im
c
TOTAL (biomass g)

(SMC) 
Sample
Code



__________________________________________________________________

V/91
 1
 0-10

34
1
9
-
10
(7.55)





24
4
-
-
4
(0.20)



10-30 

34
1
-
-
1
(2.22)



TOTAL

6
9
0
15
(9.97)
III/91 1
 0-10  
-
-
-
0

(dry)

10-20

-
-
-
0



20-30  
34
-
2
-
2
(0.25)



TOTAL

0
2
0
2
(0.25)

2
 0-30

-
-
-
0


3
 0-30

-
-
-
0


XII/91 1
0-30

34
2
7
-
9
(8.0)

(18.5%)
TOTAL

2
7
0
9
(8.0)

2
 0-10

34
-
40
-
40
(3.90)






24
3
-
-
3
(5.86)



10-20 

34
4
7
-
11
(0.67)





27
1
-
-
1
(1.15)



20-30  
34
2
-
-
2
(4.20)



30-50

-
-
-
0



TOTAL

10
47
0
57
(15.78)
III/92 1
 0-10  
34
3
-
-
3
(6.94)





4
1
1
1
3
(1.60)



10-20  
34
-
-
1
1
(0.14)



20-30

-
-
-
0



TOTAL

4
1
2
7
(8.68)

2
0-10

20
3
-
-
3





4
-
1
-
1





27
1
1
-
2



TOTAL

4
2
0
6
(2.10)
VII/92 1
 0-10  
4
1
1
2
4  
(0.89)

(28.3%)


34
6
3
-
9  
(12.01)





24
1
-
-
1  
(0.08)





27
1
-
-
1  
(0.25)



10-20  
34
-
1
-
1  
(0.35)



20-30

-
-
-
0



TOTAL

9
5
2
16 
(13.58)

2
 0-10  
2
1
-
6
7  
(1.43)  





34
2
-
-
2 
(4.25)





24
1
-
-
1  
(0.05)





27
2
-
-
2  
(0.80)





11
2
-
-
2  
(0.13)



10-20  
27
-
1
-
1
(0.20)






11
1
-
-
1
(0.06)



20-30

11
1
-
-
1
(0.06)



TOTAL

10
1
6
17
(6.98)
__________________________________________________________________

Codes as in Table 2.4.

Table 2.6. Summary of Samford site 15 survey results.
___________________________________________________________________





Earthworm Abundances (0.1 m-2)





__________________________________________

Date
 No.
Depth  
Spp
m
im
c      
TOTAL (biomass g)



(SMC)
 Sample
Code



___________________________________________________________________

III/92 1      
0-30

-
-
-
0


2
 0-30

-
-
-
0

(29.0%) 3
 0-10 

24
1
4
-
5
(0.19)



19-30

-
-
-
0



TOTAL

1
4
0
5
(0.19)

 4
 0-10 
 
2
1
1
1
3
(0.96)



10-30

-
-
-
0



TOTAL

1
1
1
3
(0.96)



 5
 0-30

-
-
-
0


 6
 0-10 

24
1
2
-
3
(0.20)



10-30

-
-
-
0



TOTAL

1
2
0
3
(0.20)

 7
 0-30

-
-
-
0


 8
 0-30

-
-
-
0


 9
 1-10 

24
4
-
-
4
(0.32)



10-30

-
-
-
0



TOTAL

4
0
0
4 
(0.32)

10
 0-10

20
1
-
-
1
(0.05)



10-30

-
-
-
0



TOTAL

1
0
0
1
(0.05)
OVERALL SITE MEANS (n = 10) 


1.6
(0.17)

___________________________________________________________________

Codes as in Table 2.4 above.

CSIRO Narayen.
Located 60 km west of Mundubbera, soils on the 9100 ha property are red and yellow podzolics with prairie-like brown earths grading down to cracking clays.  From 1989, before the start of the surveys, through to May, 1992 the weather was characterised by an intensifying drought giving well below the average annual rainfall of 710 mm per annum (S.J. Cook, CSIRO (TCAP) Biennial Report, 1992 p. 52).  In the 1992/1993 season,  monthly rainfalls were the lowest on a 105 year record (K.C. Gould  station manager pers. comm.). 


Spot surveys (some to a depth of 50 cm) under pastures, field margins, dams and brigalow woodlands failed to recover any earthworms in the period 1991/1992.  Ants and termites were ubiquitous.  However, in isolated pockets of damp soil some earthworm assemblages were located: 

  •
Diplotrema narayensis beside a leaking cattle trough

  •
Fletcherodrilus unicus under logs and planks of wood near sheds in red soil of an andesitic knoll in the brigalow section.

  •
high numbers of Eukerria saltensis in clay moistened by seepage from the wall of a water tank

  •
Diplotrema elstobi in the centre of a cultivated paddock in soil flooded by a leaking water pipe of a cattle trough

  •
Diplotrema narayensis, Diplotrema incerta and Microscolex phosphoreus in a shade experiment in irrigated brigalow soils (Table 2.7)

  •
two additional species, Dichogaster affinis and D. saliens were recovered in clay soils originally from this site.


Earthworm species from the shade experiment shown in Table 2.7 were identified as Diplotrema narayensis.  In the brigalow green panic section, shading had a significant positive influence on earthworm numbers, but only when combined with irrigation.  The only other earthworms found were under Rhodes grass (where the difference in abundance in sun or shade was not significant).  No worms were found from samples under the shade of trees adjacent to the experimental plots.

Table 2.7  Summary of earthworm survey, Narayen shade experimentsA (15-17/April/91).  Mean numbers (No.) and biomass collected per 0.1 m2 (n=3).
______________________________________________________________

Section:
Irrigation  
Shade

Sun 

Grass 
____________________________________________





No.

No.





(Biomass g)
(Biomass g)

______________________________________________________________

Brigalow clay:

Green Panic
yes

 20.7a  
 1.0b






(0.58)

(0.27)



no

 6.67ab
 0.67b






(0.21)

(0.17)

ANOVA lsd (p>0.05; 1 df)
19.35






(0.525)



______________________________________

Brigalow clay:

Buffel

no

 0

0



______________________________________

Brigalow clay:

Rhodes 
no

 2.7c

 0.3c




(1.53)

(1.20)

ANOVA lsd (p>0.05; 1 df)    
 6.14






(0.359)



_______________________________________

Granitic duplex:

Speargrass
yes
  
0

0



no
 
0

0

______________________________________________________________

A  artificial shade reduced incident sunlight by 50% (details in J. Wilson CSIRO Biennial Report, 1991 pp 62-64).

abc  values with the same superscripts do not differ (p>0.05).


Returning to the green panic shade plots during November 1991, two 0.1 m2 by 50 cm deep samples were dug from an irrigated shade plot and 116 earthworms were found (Diplotrema narayensis matures and immatures and a few Microscolex phosphoreus (3.39 g) and 2 subadult Diplotrema incerta (0.24 g)).  Most were active in the 10-20 cm layer, at lower depths several were aestivating (D. incerta were at 30-40 cm).  Soil moistures under irrigation were fairly consistent in 10 cm layers to 50 cm at around 36.8% (±1.83%).   In a second sample of the same plot, 88 Diplotrema narayensis were found (2.62 g).  A single sample of an irrigated sun plot had 34 earthworms, while no earthworms were recovered from a dry sun plot where SMC ranged from 10.3% at 0-5 cm to 18.5% at 30-50 cm.  Therefore, the highest mean abundance (n=2), in the irrigated shade plot, was 1,020 m-2  (31.1 g m-2).


CSIRO "Glenwood".

An additional survey of mainly black speargrass (Heteropogon contortus) pasture on granitic duplex soils at the adjacent "Glenwood" property failed to locate earthworms, rather ants dominated these sands.  However, a clay soil beside a dry riverbed had several Diplotrema narayensis specimens.


Mundubbera.
In this township near Narayen, surveys of clay and sandy soils under irrigated citrus orchards failed to retrieve high numbers of earthworms, despite the soils being moist.  Only one specimen of Dichogaster bolaui was found under citrus trees, while in a grassed area, a single specimen of Spenceriella citraphobia was found.  The exception was under young citrus trees in one orchard where high numbers of Octochaetona beatrix were recovered.  Other species recorded from this township are Aporrectodea trapezoides, Microscolex dubius, Dichogaster bolaui and Metaphire californica.   A local hardware store sold Eisenia fetida and Eudrilus eugeniae which are cultivated for fishing bait (these two species were introduced to a brigalow pasture in the later field trial). 


QDPI Brian Pastures Research Station.
Qualitative sampling at Brian Pastures Research Station revealed 8 species.  Several locations were visited, each with a distinct assemblage of species:

  •
garden soil teeming with Metaphire californica
  • 
calving yards had Pontoscolex corethrurus
  •
under creeping blue grass pasture a low incidence of Digaster brunneus
  •
in a red clay near a cattle feedlot drain, large mature specimens of Digaster brunneus and Fletcherodrilus unicus
  •
beside a creek, a mixture of Aporrectodea trapezoides, Spenceriella minor and Sebastianus angus 

  •
besides a haybarn, Digaster brunneus and Dichogaster bolaui
  •
under Heteropogon contortus pasture, Digaster brunneus  and Spenceriella minor in low but consistent numbers. 

Species distributions

Distributions of common species groups found in these surveys are shown, in relation to the Queensland 500 and 700 mm isohyets (which approximately define the boundaries of the brigalow region), in Figures 2.2 to 2.7.  These may be compared to distribution maps of native genera presented in Jamieson (1974).

Discussion and conclusions

These surveys demonstrated that the biodiversity of earthworms at some sites in south-east Queensland is particularly high.   Twenty-three species were located at the Samford site and about 26 from the Brisbane region.  These figures are about double the maxima, of 10-12 species, generally reported from comparable sites around the world (Lee, 1985; Lavelle, 1988).  Fewer species were found at other locations, the range was generally from 0 to 11 species. 


It is probable that many species remained undiscovered, despite the intensity of sampling at the most frequented sites, due to chance oversights and to unfavourable soil moisture.  No site was surveyed in its entirety and, for the study period, the El Niño Southern Oscillation (ENSO) effect meant that rainfall was lower than average.  Thus the diversity figures reported here, although large, may represent less than the true maxima.  


An observation of rapid population recovery in response to substantial rain following a prolonged dry period was noted for several species at Samford.  Two weeks after heavy rain which ended a six month drought (in November, 1991), mature clitellate earthworms were abundant in the surface layers of soil at several locations.


The highest abundance results (from Samford: 23 species with means of 263.8 earthworms m-2 and 68.11 g m-2) are comparable to levels found in elsewhere in Australia and overseas.  For example, in a 1,000 year-old permanent pasture in the U.K., six lumbricid species had abundances of 456 m-2 and 153 g m-2 (Blakemore, 1981).   These estimated maximum values from the Samford site are equivalent to a population of 2.6 million earthworms ha-1 and 0.68 t ha-1.  As most sites are characterised by inconstancy in survey numbers depending on edaphic variations, perhaps estimates of the maximum site potential, as here, give a better estimate than unqualified results which are not corrected for seasonal variation.
Although earthworm assemblages in the cultivated soils of Samford were bolstered by residual native species, they consisted mainly of peregrine exotics.  Indeed many records from equivalent habitats around the World have comprised the same assemblages of peregrines (see Stephenson, 1933).  Some note should be made of possible mechanisms of earthworm colonisation.  Initial introduction of exotics is possibly by stock and machinery movements (perhaps even in the soil trapped between the treads of tyres or workboots worn between different sites).  Once introduced the exotics either persist in cultivated soils or infiltrate from adjacent areas, as do the natives.   A means of passive distribution of earthworms that was proposed by Stephenson (1930) and Lee (1959) pertains to the occurrence of fish in newly created bodies of water.  At Narayen, fish have been found in rainfed or borewater tanks and this colonisation was attributed to their eggs adhering to the feathers and feet of birds (CSIRO Narayen water manager, M. Elstob pers. comm.).  Earthworm cocoons deposited in soils which become muddy may similarly be carried on the feet of birds.

   Transportation in flowing water is probably an additional and important factor as illustrated by Schwert and Dance (1979) who reported 300 lumbricid cocoons (92% were viable) recovered from stream drift subsamples for a 5 month period in Canada.  High numbers of P. corethrurus were noted just above the waterline in the banks of the South Pine River at Samford and may easily be carried in currents downstream.  

Figure 2.2  Distribution of Pontoscolex corethrurus.
Figure 2.3  Distributions of pheretimoid species.
Figure 2.4  Distributions of lumbricids.
Figure 2.5  Distribution of Microscolex spp and Ocnerodrilus occidentalis.

Figure 2.6  Distributions of  Dichogaster spp and Octochaetona beatrix.
Figure 2.7   Distributions of Diplotrema spp and Fletcherodrilus unicus.

Distributions of particular species show interesting patterns.  Several exotics are widely dispersed, such as Pontoscolex corethrurus, Amynthas spp. and Metaphire californica whereas others, such as Polypheretima elongata and Polypheretima taprobanae appear restricted.  For native taxa, Fletcherodrilus unicus is particularly widespread, its domain extends from Cape York to NSW.   Species of the native genera Spenceriella, Digaster and Heteroporodrilus, appear to have a greatest diversity in the southeast corner of the state which may relate to the greater intensity of sampling.  In the brigalow region several species were recorded, diverse species of Diplotrema appear widespread in this region. 


The question remains as to why so few species were recorded from certain habitats in the surveys reported here (and in previous reports from other regions).  Climatic conditions, destructive management techniques and intensity and timing of survey are probable considerations.  Whether the exotic species are outcompeting and displacing natives is debatable.  Wood (1971, 1974) considered that natives declined where natural vegetation was replaced with cultivated vegetation, rather than through competition with the introduced species.  Abbott (1985a) largely confirmed this conclusion but added that indigenous species may be more adaptable than generally considered.  In this study several native species were found to persist under cultivated or pasture soils, while others were confined to the field margins. 


In answer to the problem of low perceived abundance in brigalow soils, the surveys largely concurred.  No earthworms were found under undisturbed stands of brigalow (at several locations) nor under cultivated or pasture brigalow soils, except where irrigation was supplied.  A probable cause is that the average precipitation rate means that moisture is limiting for much of the time and that the clay soils become compact when dry, a problem aggravated under trees.  In one instance a pneumatic drill was required to break the earth for sampling.   On drying, these brigalow clay soils form cracks which exacerbate moisture loss at depth.  Yet an observed phenomenon was for earthworms to appear almost spontaneously in patches of soil which become damp where water pipes or cattle troughs leak (M. Elstob pers. comm.).  Species involved were identified as native Diplotrema spp (D. elstobi and D. narayensis), which either aestivated at beyond normal sampling depth or were protected in the surface soil in resistant cocoons.  Under deliberate irrigation, combinations of both natives and exotics were encountered.  The small peregrine exotics are possibly not as adapted to persist in these particular environments but are readily transported by stock and machinery movements.  In the coarser (granitic) sandy soils earthworms were not found, even when these soils were moist, rather ants and termites predominated.  

3 EARTHWORM SOIL CHOICE TRIALS
Introduction

The aim of the choice trials was to investigate selection preferences of several species of earthworms by offering them a choice of substrate and recording their movement, preferences were indicated by the aggregations of freely-moving earthworms.  Determining the requirements of earthworms helps to define culturing conditions, indicate their potential to colonise new habitats and explain their distributions.  Soil type, food supply, moisture and temperature are all important limiting factors.


The investigations concerned responses to soil variables divided into two categories, matrix (soil and food) and environment (temperature and moisture).  The first experiment type employed choice chambers, while in the second gradient columns were used.  These two investigations types are reported separately.  A range of species was tested as a preliminary to a larger investigation involving colonisation of soils in glasshouse and field trials. 


Most reported studies (see Lee, 1985) have related distributions of earthworm as indicated by surveys with environmental factors.  A few have involved laboratory growth trials.  Rarely have choice trials been attempted.  Review of the literature revealed one or two choice trials on similar species by other workers but, as each soil type is unique, the combinations reported here are new.  Moreover, the methodology employed was devised to meet specific requirements and differs from any previously reported.  

Materials and methods
(a) Choice chamber trials

Choice chambers were constructed from plastic basins (30 cm diameter by 15 cm for large species and 15 cm by 5 cm for smaller species), each containing six wedge-shaped sections of soil.   These sections were separated by 1 cm mesh plastic frames, fashioned to fit tightly into the chamber and to hold soil (see Plate 3.1).  Each section could be rapidly removed for sorting.  Within any trial, only three soil types were used but, for duplication, the sections alternated (i.e. opposite pairs of the six sections matched).  Observations were repeated at least twice, at various periods, for each trial.  During trials, choice chambers were sealed with close fitting silver foil lids in a constant environment (a darkened room at 21C).


At commencement, earthworms were introduced to the surface at the centre of a chamber and allowed to burrow into the soil.  After a specified interval, the sections were removed, the soil sorted and the location of the (anterior) of each earthworm recorded.  The sections were then reassembled and the same group of earthworms was re-introduced to the surface.  Earthworm burrowing and casting activity and cocoon production were monitored (this data is not presented here).


One series of experiments was run with three contrasting field soils which generally had poor natural earthworm populations and for which later earthworm introduction experiments were planned.  In order to check for natural earthworm aggregations, irrespective of the substrate type, a second series of "control" trials were run in which all sections were filled with a soil of the same type.  A third series used soils from the same location which differed in texture.  A final series of trials, on food preferences, used a "standard" soil which was augmented with various food materials.

Soils used in Choice Chambers

Subsoils, collected from below 10 cm, were used to reduce organic matter variation.  Each was air-dried, crushed to pass a 2 mm sieve and dried in an oven at 60C.  Before use each was wetted up to its particular "sticky point" (approximating field capacity), from which soil moisture contents (SMC) were determined as presented in the tables below.  Soil texture was estimated by hand manipulation and pH was measured (extra soil data was courtesy of C.H. Thompson).

First series: field soils from research stations
Origin: 

Samford 

Kingaroy 

Narayen

Class:


Podzol 

Kraznozem

Vertisol

Texture:

Light sandy loam
Light clay

Medium clay

% Clay:

10


55-60


>50

Field pH:

7.5


5.5


6.0


Oven-dry SMC:
21%


39%


45%

Air-dry SMC:
17%


18%


19%

Code:


SAMFORD

KINGAROY

NARAYEN
Second series: control soil
The control soil was a light sandy loam (the SAMFORD soil above).

Third series: textured soils from Samford
Class:


Podzolic

Alluvial

Prairie-like

Texture:

Loamy sand

Sandy loam

Medium clay

%Clay:

10


15-18


>45

Field pH:

5.7


6.5


6.0

Organic Matter 
>2%


2.5%


6%

Oven-dry SMC
20%


24%


40%

Air-dry SMC

19%


18%


22%

Code:


SAND

LOAM

CLAY
Fourth series: food supplements
About 18 kg of light sandy loam (SAMFORD above), wetted to 20% moisture, was divided into three treatment portions:


SOIL - unamended soil (pH 7.5).


PLANT - soil + 150 g dried, crushed plant residues: 



60% grass, 33% legume, 7% grass roots (pH 7.0).


MANURE - soil + 300 g leached, dried and crushed manure: 30% sheep, 70% cattle (pH 7.5).

Water was added to these treatments to give similar moistures, they were mixed, covered and then left to stabilise for three days (at which time the plant residues were observed to have some fungal growth). 

(b) Moisture and temperature gradients


Columns, 30 cm long, were constructed from five sections of PVC pipe (5 cm diameter).  Each section was filled with soil and 5 sections were bound together with masking tape.  The ends of the columns were sealed with PVC caps (see Plate 3.2).  Earthworms were introduced into the centre of each section as it was being filled with soil.  The columns were placed horizontally to avoid conflict with depth of burrowing responses common to most species of earthworms.  


The moisture series was obtained using batches of oven-dried light sandy loam (10% clay) wetted to the desired soil gravimetric moisture content, by mixing with measured amounts of rainwater, before introduction to pipe sections.  Soil moistures at the end of the trial were checked (after Greacen et al. (1989)) using oven-dry filter papers that had been placed in the centre of each section of a control column.   Assembled columns were placed horizontally in a polystyrene container with an ambient temperature of 18C.


The temperature trials, dried, sieved sandy loam was again used and wetted to approximately 22% (oven-dry) soil moisture.  The ten columns were placed horizontally in a large polystyrene container with a close fitting lid.  Four polystyrene insulating baffles, cut to fit the contours, were placed transversely over the block of column at the section joints.  At one end of the container frozen ice packs were introduced, and at the other end, exothermic "Hot Sacs" which generate up to 60C for 24 hrs when exposed to air.  Thermometers were inserted into the centres of all five sections of a control columns to monitor soil temperature fluctuations.  A gradient was obtained gradually over several hours by opening or closing vents in the lid of the container until the desired values stabilised.  Thereafter, the temperatures were observed at intervals throughout the day and adjustments made as required. 


Locations of the anteriors of earthworms were found by sorting at intervals.  The various sections were reassembled with the same soils for replicate trials.  Earthworms removed from sections were not necessarily replaced in the same section.

Plate 3.1  Choice chambers.
Plate 3.2 Temperature gradient columns.
Time intervals

Experiment, of both types, were conducted between May 15, 1991 and June 18, 1991.   Intervals between observations ranged from 24 to 96 hours, for the choice chambers, and were 24 or 48 hours for moisture and temperature trials. 

Earthworm Species 

The species of earthworms used in these experiments (Table 3.1) were held in stock cultures for several weeks prior to use.  Identifications of specimens used in the trials were checked at commencement against characteristics of preserved stock specimens i.e. their known behavioural traits and by observing live specimens held between the inverted lid of a Petrie dish and its base.  This method flattens the worm so that the segmentation and internal organs (e.g. gizzard(s) and calciferous glands) are elucidated but does not injure the worm.  Specimens were selected for similar size and state of maturity, although insufficient mature specimens meant that several immatures were used (ambiguities are denoted by / in Table 3.1).  The same group was used throughout an experiment except where replacement of dead or missing worms was required.  For reasons of economy, some species were investigated simultaneously in the same chambers, but all were differentiated during counting.  The lengths and weights were taken initially and at the end of the trials but, because there were replacements, this biometric data is not presented.

Statistics

The interactions of interval of observation (time), soil type (soil), food supplement (supp), moisture (%), temperature (temp) and species (spp) were subject to regression analysis using generalised linear models of the GENSTAT computer package (Lawes Agricultural Trust, 1987).  For analysis, total counts of a species code in a soil type were added for the various time intervals.  

Table 3.1. Codes, earthworms and their provenance.
______________________________________________________________

Code

Species




Soil: Source

______________________________________________________________

1 
Pontoscolex corethrurus 


clay/loam: Samford

2 
Diplotrema narayensis1


clay: Narayen

3 
Aporrectodea trapezoides


loam: Adelaide

4 
Dichogaster bolaui/
A. caliginosa 


and Eisenia rosea



loam: Adelaide

5 
Polypheretima elongata 


clay: Biloela

6 
Fletcherodrilus unicus


clay: Kingaroy

7 
Amynthas rodericensis 


clay/loam: Samford

8 
Polypheretima taprobanae


sandy loam: Samford

9 
Eisenia fetida 



humus: Brisbane

10 
Eisenia fetida and


Eudrilus eugeniae combined

humus: Brisbane

11 
Eudrilus eugeniae



humus: Brisbane

12 
Aporrectodea caliginosa/E. rosea  

as in 4 above 

13
Dichogaster bolaui



as in 4 above 

14 
Polypheretima elongata matures    
as in 5 above

15 
Polypheretima elongata immatures  
as in 5 above

______________________________________________________________

1 the stock culture of this small species was found later to be contaminated with similarly small Dichogaster affinis.


Particular responses were further tested against 2 distributions using the null hypothesis that chance occurrences would give equal expected counts in soil choices (Sokal & Rohlf, 1981).   The occurrence of species are transformed to percentages of total counts for presentation, however 2 tests were made on the untransformed data.  For species investigated concurrently, both combined counts and their derived components were included in the latter analyses.  Abbreviations used are: d.f., degrees of freedom; dev., deviance; NS, not significant (probability (P) > 0.05); *** P  0.001; ** P  0.01; * P  0.05.  (The advice and assistance of CSIRO biometrician Dr Peter Jones in these statistical analyses is acknowledged).

Results

Individual trial results are too large for inclusion, therefore only summary data are presented. 

(a) Choice Trials 
Series 1: Field Soils

The frequencies of species occurrence in the three soil types were considered separately for the two to five trial intervals, of between 48 and 96 hours, in the initial analysis (table 3.2). 

Table 3.2 Accumulated analysis of deviance results.
__________________________________________________________________

Factors
d.f.
deviance
mean
dev.
F-ratio
significance

__________________________________________________________________

soil

2
155.0933
77.5466
79.91

***

time.soil
2
0.9331

0.4666

0.48

ns

spp.soil
12
47.7981
3.9832

4.10

***

residual
33
32.0227
0.9704



__________________________________________________________________


The overall frequencies of earthworms in the three soils differ significantly, confirming preference (or avoidance) due to soil types.  Interval between observations was not a significant factor and was thus eliminated from subsequent analyses.  Significant species-soil interactions were detected.  These were investigated further: total counts, irrespective of time intervals, were tested against 2 distributions, the results are given in Table 3.3.


There was strong evidence that earthworm occurrence in the soils was not random.  In general, the Kingaroy soil was avoided and the Samford soil selected.   The only species with a definite tendency to favour the Narayen clay soil was spp 5, Polypheretima elongata.  Other species were found in this soil but  
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          Figure 0:  Overall selection of field soils.

Table 3.3  Total worm counts (TOT) transformed to percentage frequencies in soils and 2 tests (on untransformed data) for Spp codes from Table 3.1.
______________________________________________________________

Spp
TOT
SAMFORD
KINGAROY NARAYEN  2 

Codes  %
 %

%

%

(2 d.f)

​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​______________________________________________________________

1 
30 
 90.0 

0.0 

10.0

*** 

2 
47 
 80.9 

8.5 

10.6 

*** 

3 
36 
 83.3 

0.0 

16.7 

*** 

4 
34 
 58.8 

2.9 

38.2 

*** 

5 
30 
 33.3 

3.3 

63.3 

*** 

6 
7 
 85.7 

0.0 

14.3 

*   

7 
6 
100.0 

0.0 

 0.0 

**  

TOTAL %
 76.0

2.1

21.9


______________________________________________________________

to a lesser extent.  A probable reason for aversion to the Kingaroy soil was found after chemical analysis revealed particularly high DDT residues (discussed later).   The overall selection for all species and specimens combined are shown in Figure 3.1

Series 2: Control Soil.

Species codes 1 to 11 were trialled, each for two time intervals of 48 and 69 hours, in chambers containing six sections of the same soil.  Statistical analysis results are in Table 3.4.

Table 3.4 Accumulated analysis of deviance results.
______________________________________________________________​

Factors
       
d.f.  deviance  mean dev.  F-ratio   significance

______________________________________________________________

section
  
5
5.160
1.032   
0.93

ns

time.section 
5
3.971
0.794   
0.71

ns

spp.section 

50
48.26
0.965   
0.87

ns

Residual
 
35
38.90
1.112

______________________________________________________________


The null hypothesis, that the differences in overall species distributions do not differ from those obtainable by chance, was accepted.  Thus any aggregations observed in the different soil media were considered as valid selection responses.  This conclusion held for both time intervals (48 and 69 hours) and for the species combinations trialled.  Results of separate 2 analyses showed that no species aggregated significantly in any section, rather the earthworms appeared evenly dispersed (these data are not presented).

Series 3: Soil Textures

Total results from two trials, at intervals of 48 or 72 hours, were combined for analysis and are presented in Table 3.5.

Table 3.5 Accumulated analysis of deviance results.
______________________________________________________________

Factors
d.f.
deviance
mean
dev.
F-ratio   significance

______________________________________________________________

spp

14
56.8137
4.0581
5.87

***

soil

 2
47.1080
23.5540
34.05

***

soil.spp
28
74.1770
2.6492
3.83

***

residual
44
30.4356
0.6917

______________________________________________________________


Different species appeared to have highly significant and variable selection preferences for the different textural soils.  There was a marked interaction, between species frequencies and the three soils, this was investigated further (Table 3.6).

Table 3.6 Total worm counts (TOT) transformed to percentage frequencies in soils and 2 tests (on untransformed data).
__________________________________________________________

Spp
TOT
SAND
LOAM
CLAY
2  (2 d.f.)



 %

 %

 %

__________________________________________________________

1 
20 
95.0 

5.0

 0.0 

***  

2 
37 
59.5 

24.3 

16.2 

**    

3 
15 
73.3 

26.7 

0.0 

**    

4 
17 
52.9 

41.2 

5.9 

*      

5 
20 
50.0 

10.0 

40.0 

ns  

6 
2 
50.0 

0.0 

50.0 

-       

7 
8 
25.0 

50.0 

25.0 

ns   

8 
12 
25.0 

50.0 

25.0 

ns    

9 
12 
75.0 

16.7 

8.3 

**     

10 
12 
58.3 

16.7 

25.0

ns    

11 
20 
40.0 

50.0 

10.0 

ns    

12 
20 
35.0 

40.0 

25.0 

ns   

13 
20 
40.0 

55.0 

5.0 

*       

14 
10 
40.0 

0.0 

60.0 

ns    

15 
10 
60.0 

20.0 

20.0 

ns    

TOTAL %
51.9

27.1

21.1

____________________________________________________________
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          Figure 0  Overall selection of soils of different textures.

Several species had significant preferences (or aversions) for soils of particular textural classes.  Many were more general in their choices, as shown by non-significance in the 2 tests.  Pontoscolex corethrurus (sp 1) had a clear preference for the sandy soil as, to a lesser degree, did Diplotrema narayensis (sp 2), Aporrectodea spp., Dichogaster bolaui, and Eisenia rosea (spp. 3 and 4) and Eisenia fetida (sp 9).  Moreover, smaller worms appeared to have lower frequencies in the clay soil.  The only worms to have relatively high, but not significant, occurrence in the clay are Polypheretima elongata matures (sp 14) and perhaps Fletcherodrilus unicus (the numbers of which were reduced by escape).   Overall total allocations in the soils are shown in Figure 3.2
Series 4: Food Supplement

Summary of results from two trials of 48 hrs are shown in the Table 3.7.

Table 3.7 Accumulated analysis of deviance results.
______________________________________________________________

Factors
d.f.
deviance
mean
dev.
F-ratio   significance

______________________________________________________________

spp

14
48.9694
3.4978
4.67

***

supp

 2
108.2842
54.1421
72.29

***

spp.supp
28
113.7812
4.0636
5.43

***

residual
47
35.2032
0.7490

______________________________________________________________


Overall, different species had highly significant and variable choice responses to the food supplement amended soils.  Interactions between total selections of these soils show wide species differences (Table 3.8). 

Table 3.8 Total worm counts (TOT) transformed to percentage frequencies in soils and 2 tests (on untransformed data) for Spp codes in Table 3.1.
__________________________________________________________

Spp
TOT
SOIL

PLANT
MANURE
2  (2 d.f.)



  %

 %

 %

__________________________________________________________

1 
30 
86.7 

3.3 

10.0

***


2 
30 
60.0 

33.3 

6.7 

**


3 
20 
5.0 

95.0 

0.0 

***


4 
18 
66.7 

33.3 

0.0 

**


5 
20 
30.0 

65.0 

5.0 

**


6 
2 
0.0 

100.0 

0.0 

-


7 
8 
25.0 

75.0 

0.0 

*


8 
16 
68.8 

25.0 

6.3 

**


9 
12 
16.7 

66.7 

16.7 

*


10 
12 
16.7 

66.7 

16.7 

*


11 
20 
30.0 

55.0 

15.0 

ns


12 
24 
12.5 

87.5 

0.0 

***


13 
12 
16.7 

83.3 

0.0 

***


14 
10 
50.0 

50.0 

0.0 

ns 


15 
10 
9.1 

72.7 

18.2 

*  


TOTAL %   72.7

18.2

 9.1

___________________________________________________________

[image: image3.wmf]
          Figure 0  Overall selection of food supplements in soil. 


Although the majority of species favoured plant residue supplements, others had high counts in the unamended soil sections, whereas the manure supplements tended to be avoided.  Reasons for this avoidance, possibly chemical or biotic, were not determined.   These results allow two broad classifications to be made between soil feeders (geophages) or plant residue feeders (detritivores).  Those species with geophagous tendencies were spp. 1, 2, 4, 8.  Detritivors were spp. 3, 5, 7, 9, 10, 13 and 15.   Known compost species, Eisenia fetida and Eudrilus eugeniae (spp. 9, 10 and 11) had slight counts in the manure supplement.   Greater selection of plant residues by Polypheretima elongata immatures (sp 15), compared to the matures (sp 14), mainly accounts for the combined result (sp 5) for this species.   Total allocations are shown in Figure 3.3

(b) Moisture and temperature gradients

Moisture gradients
These trials were run for 24 and 48 hours, summary analyses are presented in Table 3.9.

Table 3.9 Accumulated analysis of deviance results.
_________________________________________________________________

Factors

d.f.
deviance
mean dev.
F-ratio  
 sig.

_________________________________________________________________

spp


12
12.9225
1.0769
2.40

*

% moisture

4
148.2773
37.0693
82.77

***

spp.moisture

48
47.0202
0.9796
2.19

**

residual

65
29.1122
0.4479

_________________________________________________________________


Results showed that species differed in overall selection of moisture gradients and these selections were significantly related to soil moisture.  These species specific responses were analysed further (Table 3.10).

Table 3.10  Total worm counts (TOTAL), transformed to percentage frequencies in moisture gradient (gravimetric soil moisture and suction) and 2 tests (on untransformed data) for Spp codes in Table 3.1.
_____________________________________________________________________





SOIL MOISTURE AND SUCTION1




_________________________________

Spp

TOTAL
5%
10%
15%
20%
25%
         2 (4 d.f.)





5.5
2.2
1.2
1.0
<0

_____________________________________________________________________

1 

10 

0 
10 
20 
10 
60 

*

2 

19 

0 
0 
5 
37 
58 

***

3 

10 

0 
0 
0 
20 
80 

***

4 

10 

10 
0 
10 
40 
40 

ns

5 

10 

0 
0 
10 
30 
60 

*

7 

10 

0 
0 
0 
50 
50 

**

8 

10 

0 
20 
20 
10 
50 

ns

9 

10 

0 
0 
0 
0 
100 

***

10 

10 

0 
0 
10 
40 
50 

*

11 

10 

0 
0 
0 
40 
60 

**

12 

10 

10 
10 
10 
20 
50 

ns

14

4

0
0
0
25
75

ns

15

6

0
0
17
33
50

ns

_____________________________________________________________________

1 Suction logn(kPa) (after Greacen et al., 1989).


The majority of earthworms moved from the drier soils to the most moist, the overall selection trend being 25%>20%>15%>10%.   Within this general trend, a few species appeared to have fairly wide moisture tolerances (4, 8 and 12); while most others are clearly restricted to the wettest soils (2,3,7,9,11 and 14). Species 1, 5 and 10 had only slightly significant selections of the wet soils (for species 5, Polypheretima elongata, this trend was less obvious when the matures and immatures (i.e. spp. 14 and 15) were considered separately).  Only 4 and 12 were found, both at low frequencies, in the 5% moisture soil (although one worm, sp 2 Diplotrema narayensis , was found dead in this soil).

Temperature gradient
Results from two trials, both at 24 hour intervals, are summarised in Table 3.11.

Table 3.11 Accumulated analysis of deviance results.
__________________________________________________________________

Factors

d.f.
deviance
mean dev.
F-ratio   
sig.

__________________________________________________________________

spp


11
15.119
1.374

1.26

ns

temp


4
29.520
7.380

6.79

***

spp.temp

44
65.529
1.489

1.37

ns

residual

60
65.212
1.087

__________________________________________________________________


A highly significant difference in overall earthworm counts for the temperatures selected was observed, but the responses between species did not differ substantially.  Most species do not show marked difference in responses to temperature (Table 3.12).


Only species 2, Diplotrema narayensis, clearly showed a significant preference for the warmer soils although this result was skewed by two mortalities (excluded from computations) in the coolest soil section.  Other species had relatively wide tolerances for soil temperature under the conditions provided.  On average, the higher temperature soils tended to be selected by most species.
Table 3.12 Total worm counts (TOTAL) transformed to percentage frequencies in soil temperature (desired and actual range) gradient and 2 tests (on untransformed data) on Spp codes from Table 3.1.   

___________________________________________________________________





SOIL TEMPERATURE AND RANGE





__________________________________

Spp

TOTAL
10C
15C
20C
25C
 30C
      2 (4 d.f.)



   
 
10-12 
15-17 
18-21 
23-26
 24-31

___________________________________________________________________

1 

10 

10 
10 
20 
50 
10 

ns

2 

18 

0
0 
28 
28 
44 

**

3 

10 

10 
30 
0 
30 
30 

ns

4 

10 

30 
10 
10 
40 
10 

ns

5 

10 

0 
20 
20 
40 
20 

ns

6

2

0
0
100
0
0

-

7 

10 

0 
0 
50 
20 
30

ns 

8 

10 

0 
30 
30 
30 
10 

ns

9 

10 

0 
10 
30 
20 
40 

ns

10 

10 

0 
20 
0 
30 
50 

ns

11 

10 

0 
0 
20 
50 
30 

ns

12 

10 

20 
30 
20 
30 
0 

ns

___________________________________________________________________

Discussion 

(a) Choice trials

The results from various trials give indications of the specific responses of earthworms to the conditions offered.  Overall responses are biased by the relative proportions of specimens of particular species trialled nevertheless,  trends are manifest.  When offered a choice of three field subsoils, from proposed locations of earthworm introductions, the majority of species and specimens selected the sandy soil over the clay soil (except for Polypheretima elongata), whereas the more acidic kraznozem (later found to have toxic DDT residues), was unanimously avoided.  Behavioural responses in the first series of trials were largely duplicated in the third series, which tested preference for soils of different textural class.  Most earthworms chose the sandier soils rather than the clay, with a general trend in order of preference of sand>loam>clay.  Notable exceptions to this trend were Polypheretima elongata, which again had a high frequency of occurrence in the clay (60% for the mature specimens) and Amynthas rodericensis, Polypheretima taprobanae, Eudrilus eugeniae/Eisenia fetida and Aporrectodea spp. all of which were found in the clay section in 25% of all observations.  Two species, Amynthas rodericensis and Polypheretima taprobanae (both of which came from loamy soil) showed a clear preference for the loamy soil but also selected the other two types.  Diplotrema narayensis had a clear preference for the sand despite being obtained from a heavy clay soil.


In the food trials, species found to be geophagous were Pontoscolex corethrurus, Diplotrema narayensis and Polypheretima taprobanae.  Detritivors were Aporrectodea trapezoides, Amynthas rodericensis, Eisenia fetida, Eudrilus eugeniae, Aporrectodea spp., and immature Polypheretima elongata. 


Not all of the species under investigation here have been studied previously but, where there is commonality, the present results compare favourably to some of those obtained by other workers.  In comparing results with previous reports it should be borne in mind that Aporrectodea trapezoides and A. caliginosa have been much confused in the past (Gates, 1972; Sims, 1983; Sims & Gerard, 1985).  For example, Al-Yousuf and Shoreit (1992) acknowledged that the species they called A. caliginosa may have been at least three morphologically distinct species (e.g. A. tuberculata, A. turgida or A. trapezoides).  These authors found their specimens to be common in a clay loam field in Qatar, but to survive best in light loam soil (at 22C and 75% humidity).  Gates (1972) lists a range of habitats for A. trapezoides including clay loam, dry sandy soil and a "cow manure pile".  In South Africa, Reinecke (1983) recorded the occurrence of A. trapezoides as 30% in sandy loam, 60% in sandy loam clay and 10% in clay; for E. rosea the occurrence in the sandy soils was similar but it was absent from clay.  For Aporrectodea caliginosa the current findings tend to agree with Barley and Kleinig (1964) who stated that "..clay does not appear to offer a suitable environment".  In a survey in Egypt, El-Duweini and Ghabbour (1965) found high numbers of A. caliginosa (and to a lesser extent E. rosea) in sandy soils, but not in heavy clay soils; they found, as here, that Polypheretima elongata was predominantly in the clay soils.  These survey results generally concur with the finding of the current study unlike those of Nordström and Rundgren (1974) in Sweden, and Baker et al. (1992b) in Australia, who found a positive correlation between clay content and earthworm abundance for lumbricids (A. caliginosa, A.trapezoides and E. rosea).  In a laboratory study, Madge (1969) introduced Eudrilus eugeniae to a texture gradient and found a marked preference, as here, for fine sand.  Field distributions have revealed that Pontoscolex corethrurus has the ability to live in a great variety of soil types (Gates, 1972; Lavelle et al., 1987).  In the current study it clearly preferred sandy soil despite being obtained from a clay.  Lee (1985) stated that species that construct deep, permanent burrows, tend to prefer clay soils and Polypheretima elongata fits into this category.  


Feeding preferences have been investigated by many workers, mainly using lumbricids.  Some of the current results confirm previous findings but others indicate that some earlier assumptions should be reconsidered.   Guild (1955) stated that all species of earthworms prefer dung or herbage.  Svendsen (1957) reported that whereas pigmented species, such as Eisenia fetida, aggregated in dung, unpigmented species such as Aporrectodea caliginosa and E. rosea did not.  Cooke (1983) stated that "earthworms" prefer fungally contaminated cellulose, although the only species under study was Lumbricus terrestris.  For Aporrectodea caliginosa, Barley (1959b) determined that growth rates were better when fed manure rather than plant leaves and when fed leaves rather than unamended soil.  In contrast, Boström (1988) found good growth rates for A. caliginosa fed on decomposed plant material.  From consideration of some of these contrasting studies, Edwards and Lofty (1977) concluded that A. caliginosa seems to be omnivorous.  


In the current experiment, A. trapezoides appeared to have a marked preference for plant materials while A. caliginosa/E. rosea occurred in both plant and soil choices.  Pontoscolex corethrurus (and possibly mature  Polypheretima elongata) are classified as (polyhumic endogenic) geophages (Lavelle et al., 1987), as are A. caliginosa and E. rosea  (Lee, 1985).  Detritivores include A.trapezoides, E. fetida and Eudrilus eugeniae.  The latter two species are often bred in worm farms and fed on animal manures e.g. Reinecke et al. (1992).  

(b) Moisture and Temperature gradients
      Selection results in the gradient trials revealed that high soil moisture was preferred by most species, whereas a wide range of temperatures were tolerated.  In the moisture trials the earthworms tended to migrate from the drier soils to the wetter, most showing preference for the wettest soil available (25%).  Eisenia fetida was found only in this sector.  Many species displayed distinct aversion to soils drier than 15%, particularly Diplotrema narayensis, Aporrectodea trapezoides, Polypheretima elongata, Amynthas rodericensis and Eudrilus eugeniae.  Others such as Pontoscolex corethrurus, Dichogaster bolaui, Aporrectodea caliginosa/ E. rosea, and Polypheretima taprobanae had a wider tolerance for the drier soils.  Aporrectodea caliginosa and E. rosea are reported to have facultative diapause (Gates, 1972; Lee, 1985) and these lower moisture levels may have triggered this response (one specimen was found curled up in aestivation in the second trial).  Perhaps the same condition applied to the smaller species, Diplotrema narayensis and Dichogaster bolaui.  Alternatively, they may have become stranded in the relatively large volume of soil in the dry sections, accounting for the occasional records of them here (and the fatality of one D. narayensis).


Most earthworms avoided both the extremes of cold and heat with 25C being optimum.  Many appeared eurythermal although a few had narrow ranges: Amynthas rodericensis, Eudrilus eugeniae and Diplotrema narayensis had highest frequencies in 20C, 25C and 30C, respectively.  Temperature is a key factor controlling physiological activity and survival, high (and very low) temperatures are also associated with soil water stress.  Metabolic rates double with each 10C increase in body temperature (Lee, 1985).  Conversely, microbial activity in the gut decreases with temperature and may be a controlling factor in some species (Barois, 1992).  Smaller species, having higher metabolic rates, may be particularly affected by temperature changes.  The coldest temperature (10C) was fatal for the small species Diplotrema narayensis.  Deep burrowing species, habituated to an equable environment, are possibly more sensitive to extremes.


The current study compares with previous survey findings and experimental growth responses obtained by some workers.  For example, Lavelle et al. (1987), cultured Pontoscolex corethrurus at temperatures ranging from 15C to 35C with moisture about 38%, but found reproduction restricted to the 23-30C range and a susceptibility to drought.  Lavelle (1988) related intolerance of lower temperatures in P. corethrurus to the rapid decrease in activity of symbiotic gut microflora below 15C.  These figures correspond well with the current findings, where P. corethrurus occurred mainly in the wetter soil and tended to select 25C.  


Aporrectodea trapezoides was found, in the current study, to have a narrow preference for wet soil (25% moisture) but tolerance for a range of temperatures (10-30C), whereas A. caliginosa/E. rosea  did not occur in the hotter section.  Grant (1955a, 1955b) found 30% moisture preference (and avoidance of <18%) and wide temperature preferences of 10C - 23C for A. caliginosa which had been acclimatised at 20C for a month. Similarly, Daugbjerg (1988), found this species to have a narrow range of moisture preference (18%-22%) and wide temperature preference (10- 20C).  Field surveys by Ljungström et al. (1973) determined that A. caliginosa and E. rosea were abundant in soils with about 25% soil moisture content but numbers declined at 15% soil moisture.  Reinecke (1975) gave the optimum temperatures of Eisenia rosea as 25-27C, a range more restricted than that found in the current trials.  Ghilarov and Perel' (1984) cited a report by Wilcke (1966) that Aporrectodea caliginosa trapezoides was found in an isolated oasis in the Sahara, but speculated that the most appropriate species, of those they surveyed, to survive dry conditions was Eisenia rosea prashadi.   


Studies of Eisenia fetida have used compost or manure as the substrate (e.g. Tsukamoto & Watanabe,1977; Kaplan et al., 1980; Reinecke & Venter, 1987; Haukka, 1987).  Moisture contents for organic substrates are not directly comparable with soils, however, most of these findings confirm that this worm prefers saturated conditions.  Optimum temperature ranges have been reported as 15.7- 23.2C (Grant, 1955b) and 20-29C (Kaplan et al., 1980), while tolerance of below 5C to above 43C have recently been reported by Reinecke et al. (1992).  The typical habitat of this species is in decomposing compost, where it may experience high temperatures.  Eisenia fetida is not generally found under field conditions, its inclusion in the current experiments was for comparative purposes and, in agreement with earlier studies, it migrated entirely into the 25% moisture soil and select temperatures between 15to 30C.


 Madge (1969) introduced Eudrilus eugeniae and another tropical African species, to a soil moisture gradient and found 65% of the earthworms in the 12%-17% moisture sectors after 48 hours.  For temperatures, he found optima between 23C and 31.5C.  In recent growth experiments, Viljoen and Reinecke (1992) reported that no Eudrilus eugeniae juveniles survived below 12C or above 30C and optimal temperature for growth and reproduction was around 25C. These temperatures correspond with the findings reported here, but the moisture preferences recorded in the current soil were higher and less restricted than those previously reported.


Reports of previous study for some species were not found.  For Diplotrema narayensis, its intolerance of dry soils and low temperatures may confirm its natural range limit to the inland sub-tropical regions of south-east Queensland.  Polypheretima elongata had a preference for 25% moisture (approaching field capacity of the soil) and for temperatures around 25C.  Observations by the author are that this species succumbs to rapid changes in temperature during transportation between sites.  Dichogaster bolaui (and E. rosea immatures) appeared eurythermal and euryhumid, although their relatively smaller sizes may have caused stranding.  Amynthas rodericensis prefered moist soil, warmer than 15C.  This species is widely distributed in tropical and warm temperate areas around the world and is often reported from pots in glasshouses (Gates 1972) which would presumably provide such environmental conditions.  Polypheretima taprobanae showed tolerance of low moisture content, but preferred 25%, and both hot and cold temperature soils were avoided suggesting restricted habitat requirements.

Conclusions

Behavioural responses to the range of environmental variables in this study gave general indications of earthworm requirements.  Lighter texture soils, through which movement is easier, with adequate supply of decomposed plant organic matter and high moisture appeared most suitable.  Temperature, within the range tested, was a less important factor, but warmer soils were preferred for the range of species trialled.  Specific findings were that Polypheretima elongata favoured clay whereas others, such as Pontoscolex corethrurus, were more eurytopic.  Species size (and age group) appeared as complicating variables in some responses.  The smaller species Diplotrema narayensis was possibly missed when sorting some soils (which may partly explain low frequencies) and died at environmental extremes suggesting that it has narrow requirements and may be difficult to culture.  Species prone to escape from containers (probably natural wanderings rather than avoidance responses) were Fletcherodrilus unicus and Eudrilus eugeniae.  


The methodology and equipment employed in these trials (devised and constructed by the author) permitted rapid assessment of behavioural responses of species to environmental variables, which, when matched with demographic profiles, may indicate suitable conditions for culturing and predict a species' ability to colonise and survive in particular soils.  Many permutations are possible with this type of investigation.  However, these trials only determined preferences, between choices offered, rather than absolute requirements.  They did not account for the range of strategies available to earthworms in adverse habitats, such as aestivation or production of resistant cocoons.  Neither do these findings preclude colonisation of poorly selected soils, for example field clays often have higher fertility, better moisture and greater structural stability than sands.   


Results from these trials allow predictions to be made on the survival of certain species in different soil types.  Immediate benefits are the exclusion from further study of soil types that are unlikely to prove favourable, such as dry, acidic or chemically polluted soils.  

4 GLASSHOUSE EXPERIMENTS

Introduction
The general aims of the glasshouse experiments were threefold.  The primary aim was to obtain an estimate of the relative effectiveness of various earthworm species in stimulating plant yields in soil cores.  A second aim was to assay the reproductive rates and survival of different earthworms by retrieving them at the termination of trials.  Finally, in order to determine the possible causes of any plant growth enhancement, the plant macronutrient yields and soil physical and chemical conditions, such as soil bioturbation, soil moisture, bulk density and chemical composition were measured.  Rapid assessments were obtained by maintaining mesocosms in the glasshouse where temperature and moisture were optimal for plant growth.  Trials were run for sufficient time to allow the experimental treatments to stabilise, often for at least one plant growing season.   In order to estimate the time required for significant changes, periodic harvesting was performed during most trials.


Earthworms
Competitive stress on earthworms, with attendant implications for excessive plant yield from earthworm mortality, was reduced by introducing earthworms only in numbers typical of those encountered in field situations.  The philosophy was that the earthworms would breed to their own capacity under the test conditions.  Equivalent masses of dead earthworms were added to control cores in some trials to compensate for addition of plant nutrients from mortality.  However, where final populations (and losses through escape) are monitored, as in these experiments, such a compensation is less important.  Mature specimens were used where possible so that a high level of confidence could be given to their identity.  


Test crops
Commercial crop or sown pasture species were used which corresponded with those cultivated in the soils under study.  In winter months oats (Avena sativa) were planted while in summer tropical grasses and crops (e.g. Sorghum bicolor) were used.  Legumes were deliberately avoided, despite some reports indicating that earthworm are particularly effective in stimulating their growth, so that complications of N-fixation were avoided.  An assumption in the experiments was that N and P (and K) uptake by the plants was a good measure of availability of these nutrients in the soils.


Interpretations
Possible outcomes of such trials were, for the plants, relative increased growth, no difference or reduced growth; and, for the earthworms, population stasis, increase or decrease due to atrophy, mortality or escape.  Combinations of main effects can be compared in a contingency table (Table 4.1).


Table 4.1 Contingencies of earthworm-plant productivity yields.
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For the glasshouse experiments, the short term objectives were to obtain substantial increases in plant yields, earthworm survival was also deemed an essential component of a sustainable outcome.


Taking successive harvests from the same trial units investigated two levels of variability.  The main interest was the effects of the earthworm treatments imposed on the units, the secondary interest was the changes with time in the pattern of response to these treatments.  Possible approaches to analysis are to treat the times of harvest as 'split plot' factors in a combined test or to analyse results at each harvest separately and also to analyse differences between values at different times.  The former, split plot approach makes strong statistical assumptions (e.g. that successive harvests are independent of those previously) which are unlikely to be true, the second makes fewer assumptions but requires more analyses to be performed.  With regards to the objectives of the study, the most relevant method was to analyse the cumulative yields for treatments at a particular harvest in a separate tests (i.e. total relative yields at certain times), this gives an indication of the time required for significant responses.  


Dynamic interactions vary with time, thus an implicit assumption for all analyses was that the results were interpreted only in the context of the period of investigation.  It is emphasised that the most representative and valid comparisons were between total cumulative yields at final harvest which appertained to the number of earthworms recovered and the soil physicochemical factors at termination.  Reports of the trials are given in detail because a wide range of species were studied, often for the first time, and parts of this information may be of interest to future workers.  The formats of the experiments varied as different aspects were investigated and the methods were modified to suit.  Individual experimental reports are presented in the most appropriate and informative way.


Soil physics
Methodologies generally followed those of Landon (1984, 1991).  Gravimetric soil moisture contents (SMC) (i.e. the weight of soil sub-samples in calibration tins before and after drying to constant weight at 105C), were routinely measured, based on this formula:





0
Soil bulk densities (BD), from "undisturbed" cores at or near to field capacity, were calculated from:





0




0

Soil porosities, or total pore space equal to the volume of water at saturation (often presented as %), were calculated from dry bulk density measurements and the soil particle density constant (taken as 2.65 g cm-3) using this formula:





0
Chemical analyses
Plant nutrients, nitrogen (N) and phosphorus (P) (and potassium (K)) were analysed by grinding 60C oven-dry plant samples to pass a 2 mm mesh before submission for (Kjeldahl digestion) chemical analysis.  Actual analyses were performed by the CSIRO Division of Tropical Crops and Pastures Central Analytical Laboratory, Brisbane.  In all cases, the results, expressed as percent of sample dry matter, were converted to total nutrient yield by multiplying the proportion in the sample with the total dry matter yield.  The formula used was:





0
Where, 


DM = Plant total dry matter yield


%Nutrient = Subsample percent nutrient

   This total plant nutrient yield, correlated with the total plant dry matter yield, gave more meaningful comparisons than percent nutrients.


Chemical analyses of soil and casts were performed on air-dried (or 40C oven-dried) samples that were ground to pass a 2 mm mesh.  The range and methods of analysis are given in Table 4.2.

 Table 4.2 Soil chemical analyses (performed by QDPI, Indooroopilly), and typical ranges (from Anderson, 1988 and Landon, 1991).

 _______________________________________________________________________________________________________________

 Analysis




Method




Typical range and units of measurement

 _______________________________________________________________________________________________________________

 pH (H2O)




20:100, Soil:H2O



6.0-7.8

 Electrical Conductivity (ECe)

20:100, Soil:H2O



Variable, 0-10 mS/cm A
 Chloride (Cl) extractable


20:100, Soil:H2O



Variable 100-2,000 mg/kg B
 Nitrate/Nitrogen (NO3-N) extractable
20:100, Soil:H2O



(Lower than total N) mg/kg

 Phosphorus (P) bicarb. extractable
1:100, Soil:0.5M NaHCO3 Colwell
10-100 mg/kg

 Sulphur SO4-S extractable


20:100, Soil:0.01M CaHPO4

5-100 mg/kg

 Cation exchange capacity ECEC

Exchangeable (Ca+Mg+Na+K)

Variable, 5-40 meq% C
 Calcium (Ca) pH 7.0


5:100, Soil:1M NH4Cl @ pH 7.0

Variable, 4-10 meq%

 Magnesium (Mg) pH 7.0


5:100, Soil:1M NH4Cl @ pH 7.0

Variable, 0.5-4.0 meq%

 Sodium (Na) pH 7.0


5:100, Soil:1M NH4Cl @ pH 7.0

Variable, 0.2-1.0 meq%

 Potassium (K) pH 7.0


5:100, Soil:1M NH4Cl @ pH 7.0

Variable, 0.1-1.0 meq%

 Copper (Cu) extractable


25:50, Soil: 0.005M DTPAD

0.1-15.0 mg/kg

 Zinc (Zn) extractable


25:50, Soil: 0.005M DTPA


0.3-15.0 mg/kg

 Manganese (Mn) extractable

25:50, Soil: 0.005M DTPA


1-500 mg/kg

 Iron (Fe) extractable


25:50, Soil: 0.005M DTPA


Variable, >>2 mg/kg

 Organic Carbon (C)


Walkley & Black



Variable, 0.5-5.0 %E
 Total Nitrogen (N)



Kjeldahl digestion



0.05-0.50 %

 CaCl2 extractable P



CaCl2 extraction



Variable, 50-1,000 µg/kg

 Air Dry Moisture Content


Oven dried at 105C


% F




 ________________________________________________________________________________________________________________

 A indicates salinity (and sodicity).  B mg/kg = ppm.  C values determined by clay and organic content of soil; meq% often given as me/100g soil.   D DTPA - diethylene triamine pentacetic acid.  E indicates soil organic matter content.  F percent of oven-dry mass, soil samples air-dried before analysis.

Statistical analysis

Methods used followed Sokal and Rohlf (1981) and Mead and Curnow (1983). 

Statistical abbreviations
*

= significant at probability, p0.05 (5% level).

**

= significant at probability, p0.01 (1% level).

***

= significant at probability, p0.001 (0.1% level).

%Ctrl
= treatment effect as percent of control value,  calculated from:





0



where, 





0

This statistic was routinely presented for convenience of comparison. 

ANOVA 
= ANalysis Of VAriance, to test combined variation of randomised or blocked designs.

b

= number of blocks.

cv

= coefficient of variation, to give indication of level of replication.

df

= degrees of freedom.

F

= F-distribution, used to test overall difference. 

lsd 

= ANOVA least significant difference (from sed and t on error df for p0.05). 

ms

= mean squared

n 

= number of treatments, observations or replicates

ns

= not significant (p>0.05)

p 

= probability level

s2

= sample variance

sd

= ANOVA unit standard deviation from root of error mean square (= s2).

se

= standard error of a mean.

sed

= ANOVA standard error of the difference between means (on error df).

ss

= sum of squares

t

= t-distribution, used to test pairs of means.

vr

= variance ratio (F-ratio).

Note: abbreviations are usually given in lower case to avoid confusion with nutrient symbols.


Statistics quoted were calculated on a Sharp scientific calculator (model EL-5812) or from computer programs: means and standard errors from QUATTRO PRO (Borland International Inc., 1991) spreadsheet functions; ANOVA analyses (including missing values) were performed using microQUASP (version 3.02, Biometrics Unit, Department of Agriculture, University of Queensland, 1986, 1987), or GENSTAT 5 (release 1.3, Lawes Agricultural Trust (Rothamstead Experimental Station), 1988, 1989).  


Slight differences between tabulated values and their statistics are due to "rounding errors" of computer programs which commonly operate at accuracies of eight decimal places.

4.1 PRELIMINARY GLASSHOUSE EXPERIMENT
Introduction

The aims of the study were to determine the effects of introduction of a tropical earthworm species, which had not been tested previously, on plant and soil characteristics over several growing seasons in the glasshouse.  The earthworm used was Pontoscolex corethrurus, an allochthonous glossoscolecid, one of the few species reported to survive under agriculture in sub-tropical soils (A.V. Spain pers. comm.).  Earthworms were not generally found in the field soil, a brigalow cracking clay, used in this trial (V.R. Catchpoole pers. comm.).  Numerous studies in the past have shown that introduction of earthworms to degraded soils can improve soil structure and increase plant growth (Lee, 1985).  A great body of work has been done on lumbricid species in temperate soils yet few studies have attempted to advance these findings to tropical worms and soils.

Materials and Methods

This experiment was established and maintained in the early stages by V.R. Catchpoole (CSIRO research scientist). 

Experimental location 

The experiment was conducted in a glasshouse at the CSIRO Division of Tropical Crops and Pastures Laboratories in Brisbane.   Glasshouse heating maintained temperatures in the winter months.  Soil cores were obtained from the brigalow section of CSIRO Narayen Research Station, Mundubbera from Paddock #10 E273.  This grazed paddock, characterised as being in a "rundown" state, had been cleared of native vegetation in the 1930's and sown to  green panic Panicum maximum var. trichoglume,

Soil cores

Steel cylinders, 28.0 cm diameter (0.06 m2) by 33 cm deep were used to collect intact soil cores, each supporting a tussock of grass, from the field site (details in Bligh, 1990).   Six cores had been collected on 8th May 1989 when the soil was moist following rain and transported to Brisbane.  Initial gross weights of cores including plastic trays were recorded when the soil moisture was at field capacity.  The cores were arranged in matched pairs according to their initial yields of grass.  The grass was cut to a 15 cm stubble.   A second batch of six cores, which had been collected earlier from the same site and maintained in the glasshouse, were similarly treated and incorporated into the experiment on 1st June 1989 (V.R. Catchpoole, pers. comm.). 

Earthworms

Earthworm, 30 per core, were added to the surface of one of each pair.  These were mature specimens of Pontoscolex corethrurus provided by Dr A.V. Spain from Townsville who had collected them from under sugarcane.   This application was equivalent to a population of about 480 m-2, the mass of worms introduced was not recorded. 

Maintenance

The cores were held on benches in the glasshouse and were maintained by adding rainwater on alternated days and, each week, by weighing to ensure the soils were near field capacity.  After weighing each core was moved to a new position relative to incident sunlight.   At approximately bimonthly intervals the grass was harvested at 15 cm and oven-dry (60 C) yields measured.  Subsamples were taken for chemical analysis and, in the initial harvests, the remaining dry matter was returned to the cores.  In later harvests this excess litter was discarded.

Dismantling

Cores were destructively sampled in batches and soil physicochemical changes and earthworm survival measured.  Following harvest, the steps involved were:

  • 
obtain gross weight of soil core and tray

  •
remove surface litter (dry 60 C and weigh)

  •
remove surface casts (dry 60 C and weigh)

  •
extrude soil core sections from the base by laying tube horizontally on specially designed screw-press which pushed on a fitted base plate.

  • 
slice topsoil to obtain flat surface 

  •
extrude 10 cm layer



•
weigh



•
subsample for SMC



•
subsample for Tullgren extraction of mesofauna



•
subsample for root analysis



•
repeat for next 10 cm layer

  • 
tare steel tube and tray to obtain net soil weight


The appearance of soil sections was described and earthworms were removed from each layer by hand sorting.  The live biomass of worms was recorded and sample specimens preserved for identification.  Soil moisture content was calculated for subsamples dried to constant weight at 105 C.

Statistical analyses

ANOVA tests conformed to the randomised complete block (i.e. matched pairs) design.  The final three harvests were on "unmatched" cores as dismantling progressed and were therefore not included in statistical analyses.  The cumulative yields, i.e. the total production per core at a date, rather then the incremental harvest yields, were compared.

Results


Dates of establishment, harvest and dismantling are shown in Figure 4.1.1. Plant yield results are shown in Table 4.1.1.   ANOVA analysis failed to detect significant differences between earthworm treatments for any individual cumulative harvest yields.  However, total plant N showed significant increase, in the cores to which worms had been added, for harvests 4 to 6 (i.e. between months 8 and 12). 


Treatment trends for plant N, as well as for plant dry matter yield (to which the N yields are proportionally related), demonstrated increase in yield where Pontoscolex corethrurus was added which was fairly constant for about a year before declining.  After about 18 months the treated mean yields declined to lower than the untreated cores, and final differences between the total yields were insignificant. 


The numbers and biomass of earthworms recovered and the species compositions are in Table 4.1.2.  Pontoscolex corethrurus did not survive well for the full period of the trial in any of the cores to which it was added.  Moreover, populations of intrinsic or contaminant species developed in both inoculated and uninoculated cores.  Some of these populations were unusually high, particularly where P. corethrurus was absent or its numbers declined.  In one core  441 Dichogaster affinis were retrieved, a density equivalent to greater than 7,000 m2.

Core No.
█ - Pontoscolex corethrurus earthworms added


▒ - earthworms not added (controls)           


1 █████████████████████████████████████████████████████████████████████████████


2 █████████████████████████████████████████████████████████████████████████████████████████


3 ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


4 █████████████████████████████████████████████████████████████████████████████████████████


5 ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


6 ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


7   ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


8   ███████████████████████████████████████████████████████████████████████████████████


9   ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


10  ██████████████████████████████████████████████████████████████████████████████


11  ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒


12  ███████████████████████████████████████████████████████████████


______________________________________________________________________________________________________________

Month: M   J   J   A   S   O   N   D   J   F   M   A   M   J   J   A   S   O   N   D   J   F   M   A   M   J   J   A   S   O   N   D   J Year: 1989                                   1990                                                      1991                                                    1992

Event:  I1 I2 H1  H2        H3 K        H4 F    H5           H6              H7        H8     H9    H10              H11     H12     H13

Key to Events
In - Introduction of earthworms to cores batch 1 (cores 1-6) and batch 2 (cores 7-12).

Hn - Harvests: H1 30/6/89; H2 14/8/89; H3 30/10/89; H4 25/1/90; H5 15/3/90; H6 13/6/90; H7 3/10/90; H8 12/12/90; H9 15/2/91; H10 2/4/91; H11 2/8/91; H12 8/10/91; H13 8/12/91 (the first 8 harvests were by V.R. Catchpoole).

K  - Application of KH3PO4 fertiliser to supply @ 0.11 g of K per pot, solution added 1/11/89.

F  - cores flooded by heavy rain, polythene sheeting erected over benches for protection.

Note: dead earthworms were noted on benchtop in June, 1989 and in February 1990 (V.R. Catchpoole pers. comm.).

Figure  4.1.1  Chart for the period of the glasshouse experiment showing significant events from establishment to destructive sampling.

Table 4.1.1 Mean cumulative plant yields and total plant N at harvest months in soil cores where earthworms were added (+EW) compared to uninoculated controls (-EW).  Total means were calculated from combined yields for all six replicates.
​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​____________________________________________________________________________________________________________________

Treatment  
                Cumulative plant yields (g)

Harvest Month     1
3
5
8
10
12
16
18
20
22
26
28
30   Total Mean

             ___________________________________________________________________________________________________________

A. Plant Dry Matter
+ EW  
8.59
16.84
33.21
55.24
78.02
101.37
 115.48
133.92
162.37
175.62
186.96
196.77
199.44
195.30 

(±s.e)

4.63
5.49
4.40
5.00
7.90
8.94
12.77
15.12
15.49
15.46
14.29
7.40
2.02
14.65 

- EW       
7.03
13.43
26.75
48.37
73.53
97.17
110.62
132.22
168.76
183.73
158.97
207.20
217.14
205.81 

(±s.e.)     
3.40
4.93
6.49
6.25
7.79
9.91
10.90
10.31
12.08
12.41
11.13
9.95
11.78
15.87 

n (reps)
6
6
6
6
6
6
6
6
6
6
5
4
3


ANOVA
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
N/A
N/A
N/A
N/A

(%ctrl)
22.17
25.46
24.13
14.21
6.11
4.32 
4.39 
 1.29
 ‑3.79
 ‑4.42 
17.61
 ‑5.03 
 ‑8.16   
‑5.11 


    ___________________________________________________________________________________________________________

B. Plant total N (g)
+ EW 
0.13
  0.24
  0.39
  0.54
  0.74
  0.90 
 1.02 
 1.15
   1.33 
  1.48
   1.61
1.72 
1.79 
1.65 

(±s.e.)    
0.057
 0.070
 0.069 
0.076
 0.056 
0.047 
 0.041 
 0.046
  0.049
  0.051
  0.053 
 0.019 
 0.021
    0.142 

- EW    
 0.10
   0.19   
0.30   
0.45   
0.64   
0.80   
0.93   
1.10   
1.34   
1.51   
1.31   
1.73   
1.83     
1.70 

(±s.e.)     
0.041  
0.063  
0.073  
0.076  
0.080  
0.101  
0.112  
0.105  
0.087  
0.077  
0.086  
0.056  
0.023    
0.154 

ANOVA
ns
ns
ns
*
*
*
ns
ns
ns
ns
N/A
N/A
N/A
N/A



(%ctrl) 
28.10  
30.50  
28.91  
20.55  
14.94  
12.91   
9.32   
4.59  
‑0.27  
‑1.88  
22.11  
‑0.75  
‑2.28     
‑3.19 

____________________________________________________________________________________________________________________

Note: Core 12 was dominated by Digitaria violascens grass, rather than Panicum maximum grass, from the eighth harvest. 

N/A = not applicable.

Table 4.1.2 Numbers (No.) and biomass (g) of earthworms retrieved from soil at different depths in cores. 
________________________________________________________________________________________________

A. Pontoscolex corethrurus earthworms added
Core/date
1+
9/8/91
2+
9/12/91
4+
10/12/91
8+
23/10/91
10+
3/9/91
12+ 28/3/91

Depth cm
No.
Biomass
No.
Biomass
No.
Biomass
No.
Biomass
No.
Biomass
No. Biomass


_________
_____________
___________
____________
____________
____________
___________

TOP(5cm)
15 
0.07 
0 
0 

1 
0.03 
6 
0.08 
19 
0.45 
13 
0.36 

0‑5

151 
2.33 
0 
0 

53 
0.88 
40 
0.75 
38 
0.59 
46 
1.88 

5‑10

42 
0.66 
10 
0.98 
42 
2.31 
8 
0.1 

21 
0.26 
20 
0.86 

10‑15
4 
0.12 
13 
1.04 
8 
1.06 
7 
0.15 
16 
0.62 
3 
0.05 

15‑25.5
2 
0.08 
3 
0.3 

4 
0.45 
2 
0.03 
14 
0.84 
3 
0.03 

Tray

2 
0.08 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

TOTAL
216 
3.34 
26 
2.32 
108
4.73 
63 
1.11 
108 
2.76 
85 
3.18 

B. Earthworms not added
Core/date
3 
9/12/91
5 
10/12/91
6 
12/12/91
7 
2/4/91
9 
8/8/91
11 10/10/91

Depth cm
No.
Biomass
No.
Biomass
No.
Biomass
No.
Biomass
No.
Biomass
No. Biomass


_________
_____________
_____________
_____________
____________
____________
___________

TOP(5cm)
0 
0 

38 
0.28 
0 
0 

58 
0.65 
0 
0 

0 
0 


0‑5

0 
0 

100 
1.43 
4 
0.13 
168 
2.49 
0 
0 

0 
0 

5‑10

0 
0 

21 
0.18 
0 
0 

65 
1.65 
0 
0 

0 
0 

10‑15
0
0 

6 
0.1 

0 
0 

45 
1.02 
0 
0 

0 
0 

15‑25.5
0 
0 

5 
0.1 

0 
0 

105 
1.70

0 
0 

0 
0 

Tray

0 
0 

0 
0 

0
0

0
0

0
0

0 
0 

TOTAL
0 
0 

170 
2.09 
4 
0.13 
441 
7.51 
0 
0 

0 
0 

________________________________________________________________________________________________

Species composition
+ Earthworm cores              - Earthworm cores






1+
2+
4+
8+
10+
12+
3-
5-
6-
7-
9-
11-

Species 



____________________________  ____________________________

Pontoscolex corethrurus
0
26
19
0
5
27
0
0
0
0
0
0

Dichogaster affinis

216
0
0
0
108
85
0
170
0
441
0
0

Dichogaster saliens

0
0
89
63
0
0
0
0
0
0
0
0

Microscolex phosphoreus
0
0
0
0
0
0
0
0
4
0
0 
0

TOTAL NUMBERS


216
26
108
63
113
112
0
170
4
441
0
0

Equivalent No. m-2 

3456
416
1728
1008
1808
1792
0
2720
64
7056
0
0

________________________________________________________________________________________________

Note: core number 4+ was found to be colonised by ants. 


Interpretation of plant responses in relation to intentional earthworm introductions were confounded by the variations in numbers and diversity of earthworms recovered.   Indeed, several untreated cores were found to contain earthworms.  The changes in earthworm composition in any one core over time can only be a subject of speculation as only the situation at termination was discovered.  Attributing plant or soil responses solely to the addition of Pontoscolex corethrurus was therefore unsupportable.


An attempt was made to correlate plant yields and soil characters with the earthworm product at termination.  Three derived cases were compared in separate ANOVA tests:

  • that of no earthworms added and none recovered

  • that of P. corethrurus added and retrieved

  • that of cores found to contain other than P. corethrurus.

No significant differences were detected in total plant yield nor total plant N recovered.  Neither was a significant difference found when two anomalous cases i.e. core 4 which was contaminated by ants and core 6 from which only 4 small M. phosphoreus were found, were eliminated from calculation.   These data and ANOVA tests are not presented.  Similarly, data for soil bulk densities and root yields are not presented as the demographic histories and experimental durations were not directly comparable between treatments.

Discussion

Addition of Pontoscolex corethrurus to well watered soil cores appeared to have a slight effect on grass yield compared to uninoculated cores.  Cumulative uptake of N by the grass was significantly enhanced in only three harvests, most of the increase occurred in the initial six months (total N was raised from 0.45 to 0.54 g per core).  After this period the differences in yield declined.  The numbers of the earthworm introduced also declined, however populations of several other species developed in both treated and untreated cores. 


Populations of interlopers, Dichogaster affinis and D. saliens, were extremely high, exceeding maximum earthworm density ranges commonly reported (of around 1,000-2,000 m-2) by about 2 or 3 times.   Such abundance is perhaps only approached in vermiculturing operations.  Both  Dichogaster affinis and D. saliens are small species which are easily overlooked.  Neither of these species was found at the site of origin of the soil cores, however the third species Microscolex phosphoreus was located there. 


This experiment, which ran for a relatively long period, exemplifies the types of problems which can be encountered in earthworm trials of this type.  Ultimately, the yields of grass did not differ significantly between treated and untreated cores.   This may be partly attributed to the introduced earthworms, Pontoscolex corethrurus not surviving throughout the term (cores 1 and 8) and populations of other species developing in treated cores (cores 1, 4, 8, 10 and 12) and untreated "control" cores (cores 5, 6, and 7).  Plant yields were sometimes low in the presence of earthworms or high in the absence of earthworms suggesting that natural variability overwhelmed treatment effects in some cases.  Additional complications were the colonisation of cores by ants and plant species other than the test crop. 


Strategies to reduce development of extraneous populations are to ensure that soil mesofaua are removed from the test soils by sterilisation (e.g. Didden et al. 1991).  Also the species introduced need to be identified and their populations monitored throughout the trial (by progressive destructive sampling).  Cross-migrations or accidental transference of species between cores may be reduced by careful handling and by means of barriers.


This largely unsuccessful experiment is reported because, in the past, criticisms have been laid against similar experiments that have had negative results and have been unreported. Such failures of reporting not only waste the time and resources of those involved (and unwitting experimenters in the future), but also, and more importantly, give an exaggerated bias in favour of only the beneficial outcomes.   
4.2 PILOT GLASSHOUSE TRIAL USING OATS
Introduction

Most previous glasshouse studies have concerned the effects of introductions of sometimes excessive numbers of medium or large sized lumbricid earthworms on plant growth.  Fewer studies have been conducted using tropical species and soils (Edwards, 1983; Lee, 1985).  The objectives of the current study were to introduce earthworms to sterilised soil cores as a pilot for later more extensive studies.  Three treatment responses were investigated in this model: 1/. the effects on plant growth, 2/. the survival of the earthworms, and 3/. the effects on gross soil characteristics.

Methods and Materials

Tubes made of PVC, of 23.5 cm diameter (0.0434 m2) by 25.5 cm deep, were driven into the brigalow clay at CSIRO Narayen field station (2541'S, 15052'E) to obtain intact soil cores.  The cores were transported to Brisbane and dried in a dehydrator at 60C for one week, to sterilise the soil, before being placed on trays in the glasshouse and weighed.  The mean dry mass of the soil in the cores was 17.5 kg.  A soil moisture content (SMC) of 30% was obtained by adding rainwater.  Surface stubble was removed and the sides of the tubes wrapped in silver foil to ameliorate lateral temperature effects.  On April 3, 1991 earthworms were added:  forty mature Dichogaster affinis, of total biomass about 1.0 g (obtained from soil cores of a previous glasshouse experiment), were placed on the surface of each of four, randomly selected cores.  The same number of earthworms, killed by immersion in hot water, were added to the remaining four (control) cores.  Twenty oats seeds (Avena sativa var. Minhafer) were planted per core and surface litter, removed previously, was divided evenly over the surfaces.  After a fortnight the oats seedlings were thinned to 18 per core.


A subsidiary trial was conducted simultaneously using sandy soils from citrus orchards in Mundubbera (a town near Narayen RS).  Mixed and air-dried, this soil was added to two additional tubes, and made up to about 20% SMC.  To one core 40 live Dichogaster affinis were added and to the other orchard soil core, five mature and five immature Pontoscolex corethrurus (total 2.92 g) were added.  


The cores were maintained in the glasshouse and 500 ml water added on alternate days, with each core being weighed and brought to the required SMC at the end of each week.  Hand weeding was enforced throughout.


Periodically, plants were harvested at 3 cm and dried overnight at 60C to obtain dry matter yield.  Sub-samples of dried plant were ground to pass a 2mm sieve and analysed for N and P.  After seven months, the oats test crop was underplanted with green panic (Panicum maximum var. Petrie) and Rhodes grass (Chloris gayana), thus the final two harvest were of grasses. 


In the course of the experiment, pairs of pots were progressively dismantled, soil characteristics (mass, volume, soil moisture) measured, roots sampled and the soils sorted for earthworms.  Soil subsamples from various depths were analysed for soil mesofauna using Tullgren funnel extraction. 

Results

Harvest results for plant dry matter, N and P are presented in Tables 4.2.1, 4.2.2 and 4.2.3.   Significantly increased oats yields were obtained after one month and sustained for a further three months.  These were accompanied by equivalent increases in total plant N, of up to 44%, but not of plant P.  Plant increases of later harvests, although remaining consistently higher, were not significant (p>0.05).  This lack of significance is mainly attributed to the reduction in number of replicates as pairs of cores were dismantled.  In the final two harvests, green panic (Panicum maximum) was the predominant grass.

Table 4.2.1 Plant dry matter (DM) cumulative yields over several harvests in earthworm treated soil cores, treatment effects (Ctrl%) relative to dead worm controls (expressed as percentage change) and ANOVA results.
_________________________________________________________________________________


Cumulative Plant DM yields at harvest (g)

Days

26
50
82
120
148
182
210
224
254



___________________________________________________________________________________________

CORESA
2+

4.59 
9.94
15.71 







4+

5.82 
11.70 
20.57 
24.42 





5+

5.15 
12.68 
21.49 
27.32 
30.54 
34.64 
39.75 
42.97 
51.17 

6+

5.01 
11.23 
17.86 
22.75 
25.59 
29.28 
34.65 
36.57 
44.77 

1-

4.64 
9.89 
15.30 







3-

4.01 
8.99 
13.75 
16.83 





7-

4.00 
8.32 
12.51 
15.33 
17.01 
19.51 
23.62 
25.14 
33.15 

8-

4.85 
10.69 
15.93 
19.36 
21.70 
24.97 
29.20 
31.45 
40.63 

(9+)

(1.74) 
(1.97) 








(10+)
(1.62) 
(2.04) 








Mean +
5.14 
11.39 
18.91 
24.83 
28.07 
31.96 
37.20 
39.77 
47.97 

±s.e.
0.511 
1.138 
2.630 
2.312 
3.500 
3.790 
3.606 
4.525 
4.525 

Mean -
4.38 
9.47 
14.37 
17.17 
19.36 
22.24 
26.41 
28.30 
36.89 

±s.e.
0.436 
1.036 
1.543 
2.037 
3.316 
3.861 
3.946 
4.462 
5.289 

Ctrl%B
17.54 
20.22 
31.55 
44.58 
45.00 
43.71 
40.86 
40.55 
30.04 

ANOVA

df =

6
6
6
4
2
2
2
2
2

t-test 
ns
*
*
*
ns
ns
ns
ns
ns

_________________________________________________________________________________

A Codes: x+ for live earthworms treatment, x- for dead earthworm controls; (cores 9+ and 10+ were treated differently, see text for details).  B Treatment effects relative to the dead earthworm control cores (%).

Table 4.2.2  Total plant N yields in cores with earthworm treatments (and ANOVA analyses).  The codes as for Table 4.2.1. 

________________________________________________________________________________


Cumulative total Plant N yields at harvest (g)

Days:
26
50
82
120
148
182
210
224
254

___________________________________________________________________________________

CORES

2+

0.22 
0.41 
0.57 







4+

0.29 
0.53 
0.74 
0.83 






5+

0.26 
0.55 
0.77 
0.88 
0.96 
1.06 
1.15 
1.21 
1.31 

6+

0.26 
0.49 
0.66 
0.76 
0.84 
0.92 
1.00 
1.05 
1.16 

1-

0.23 
0.41 
0.54 







3-

0.20 
0.40 
0.51 
0.58 






7-

0.18 
0.32 
0.43 
0.49 
0.55 
0.62 
0.70 
0.74 
0.85 

8-

0.24 
0.43 
0.56 
0.63 
0.70 
0.80 
0.88 
0.94 
1.07 

(9)

(0.08) 
(0.09) 








(10)

(0.07) 
(0.09) 








Mean +
0.26 
0.50 
0.69 
0.82 
0.90 
0.99 
1.08 
1.13 
1.23 

±s.e.
0.001 
0.059 
0.087 
0.058 
0.088 
0.097 
0.100 
0.115 
0.108 

Mean -
0.21 
0.39 
0.51 
0.57 
0.63 
0.71 
0.79 
0.84 
0.96 

±s.e.
0.001 
0.047 
0.056 
0.071 
0.112 
0.124 
0.130 
0.141 
0.156 

%Ctrl %
20.72 
26.47 
34.95 
44.42 
43.71 
40.15 
36.35 
35.36 
28.85 

ANOVA


df =

6
6
6
4
2
2
2
2
2

t-test
ns
*
*
**
ns
ns
ns
ns
ns

__________________________________________________________________________________

Table 4.2.3   Total plant P yields in cores with earthworm treatments (and ANOVA analyses).  The codes as for Table 4.2.1. 

_____________________________________________________________________________________


Cumulative total Plant P yields at harvest (g)

Days:
   26
50
82
120
148
182
210
224
254

_____________________________________________________________________________________

CORES

2+

0.027 
0.082 
0.131 







4+

0.031 
0.078 
0.145 
0.187 






5+

0.027 
0.079 
0.142 
0.186 
0.227 
0.282 
0.323 
0.354 
0.413 

6+

0.024 
0.070 
0.125 
0.164 
0.202 
0.255 
0.300 
0.310 
0.371 

1-

0.026 
0.083 
0.143 







3-

0.022 
0.069 
0.120 
0.162 






7-

0.024 
0.072 
0.115 
0.154 
0.183 
0.222 
0.265 
0.281 
0.345 

8-

0.026 
0.087 
0.143 
0.191 
0.232 
0.281 
0.333 
0.358 
0.438 

(9+)

(0.014) 
(0.017) 








(10+)
(0.011) 
(0.017) 








Mean +
0.027 
0.077 
0.136 
0.179 
0.215 
0.268 
0.312 
0.332 
0.392 

±s.e.
0.0000 
0.0055 
0.0092 
0.0128 
0.0174 
0.0189 
0.0159 
0.0308 
0.0296

Mean -
0.024 
0.078 
0.130 
0.169 
0.208 
0.252 
0.299 
0.320 
0.391 

±s.e.
0.0000 
0.0086 
0.0149 
0.0195 
0.0345 
0.0414 
0.0480 
0.0543 
0.0660 

%Ctrl %
11.33 
‑0.51 
4.42 
5.76 
3.37 
6.60 
4.40 
3.77 
0.09 

ANOVA


df =

6
6
6
4
2
2
2
2
2

t-test
ns
ns
ns
ns
ns
ns
ns
ns
ns

_____________________________________________________________________________________

Table 4.2.4 Means of soil properties, at destructive sampling dates, and statistical tests (2-way ANOVA t-tests).
___________________________________________________________

Treatment
Bulk Density
Porosity A   Roots





gcm-3

%
  g

___________________________________________________________

Mean+ (±se)
1.15(±0.169)  
57(±6.4)   37.20(±4.733)

Mean- (±se)
1.02(±0.045)  
62(±1.7)   36.45(±10.200)

%Ctrl %
 
12.65   

‑7.89
    2.04

ANOVA t‑test
  ns
  
 ns
     ns

Sampling date
  ns

 ns
     ns

A volumetric porosity from 1‑(BD/2.65).


Soil characteristics and earthworm recovery are given in Tables 4.2.4 and 4.2.5 for the main experiment.  Tullgren funnel extraction recovered low numbers of nematodes, Collembola and Acarina but were not substantially different between treatments (this data is not presented).  Plants in the orchard soils did poorly, therefore these two cores were summarily dismantled.  Their earthworm populations had collapsed, only one small Pontoscolex corethrurus remained.  In an attempt to determine causes for this earthworm decline, samples of this orchard soil were sent for chemical analysis and were found to have high levels of DDT residues (courtesy of QDPI, Agricultural Chemistry Branch).  


The slight tendency for the live earthworm treatment to increase bulk density, reduce porosity and stimulate root growth were non-significant.  Neither was time of sampling was not a significant factor.  

Table 4.2.5 Results for earthworm recovery from cores at intervals after introduction of 40 live (+) or dead (-) worms (mean mass 1.0g) on 27/3/91.
___________________________________________________________

Core

Date

            Earthworms retrieved 

code



Numbers

Biomass g

___________________________________________________________

2+

5/7/91

241

4.0 

4+

4/8/91

251

2.5 

5+

13/12/91

125 

1.3 

6+

13/12/91

79 

1.4 

1

5/7/91

 0 

 0 

3 

6/8/91

 0 

 0 

7 

16/12/91

 74 
 
1.9 

8 

16/12/91
 
 0 

 0 

Mean+(±se)

174.0(±85.33)
2.3(±1.56)

Mean- A 


(18.5)
    
(0.5)

___________________________________________________________

A standard errors not applicable for this data.


Introduced earthworms appear to have approximately doubled their numbers each month for the first few months, peaked, then stabilised at slightly lower population levels.  The highest yield of 251 earthworms included 32 larger mature specimens (probably original inoculants) and was equivalent to a field population of about 5,770 worms m2.  In one control core a population developed, possibly by cross-transfer from other cores during planting of grass seeds, which approached those of the deliberately inoculated cores.  

Dicussion

Introduction of the small exotic species Dichogaster affinis, into soil cores stimulated the growth of oats.  Dry matter was correlated with plant N uptake and both were progressively and significantly enhanced by up to 44% after four months.  This increase was sustained for the duration of the experiment, about nine months, but significance lessened as variance increased when the number of cores was reduced.  Earthworm numbers and biomass increases, of 4-6 fold in some cases, occurred during the trial.  Thus provision of plant nutrients through mortality was not considered a factor in the stimulation of plant growth.  Whether other soil mesofauna were affected is not certain as no differences in composition were detected between treatments.  Measurable effects on soil properties were were not detected, however the soil structure was more friable and the surface covered in fine granular cast material in the treated cores.  The mechanism of plant yield increases was presumably bio-stimulation of the plant nutrient cycling, especially of N, in the soil through the activity of the worms.


There are no previous studies of Dichogaster affinis and this it the first record of this species in Australia.  However, Lavelle (1979) and Lavelle et al. (1980) plotted the demographic profile of Dichogaster agilis and D. terraenigrae, in the Ivory coast and south Guinean savannas of Africa.  The former species was categorised as an r-strategist having small size, high fecundity and rapid population fluctuations (Lee, 1985 from Lavelle, 1978 after Southwood, 1977 and Greenslade, 1982, 1983).  A similarly small and peregrine species, Dichogaster bolaui, has been found to be parthenogenic (Gates, 1972).  The fecundity and ability to rapidly colonise soils in the glasshouse, observed here for D. affinis indicate that features of its phenology are similar to those of several of its congeners.


The methods used in this pilot study proved adequate to detect plant responses and earthworm survival.  Based on the coefficients of variance of the initial harvests it was estimated that, in order to detect a 50% treatment effect (significant at p 0.05), a minimum of two replications would be required (on advice of CSIRO biometrician Dr M.R. Thomas).  In this model, oats was a good test crop, at least for the winter months and green panic grew well at the start of summer.  Good survival of earthworms in the clay demonstrated that the maintenance conditions were suitable, however, the need to prevent cross-contaminations was emphasised.  In contrast, the sandy orchard soil, found to be contaminated with DDT and possibly other toxins (such as copper) was not suitable.  Further study of these orchard soils, without detoxification, would appear fruitless.  
4.3 GLASSHOUSE CORE TRIALS
Introduction

This glasshouse study compared plant and soil responses to introduction of a variety of tropical and temperate species of earthworms.  Soil cores were collected from under rundown pastures at sites where later earthworm introductions were planned.  The aims of the study were to screen candidate species and to assess potential field responses.  Thus, in this experiment, earthworms were introduced in numbers equivalent to populations reported from comparable sites and survival was determined by sorting soil from the cores at termination.  Treatment responses were compared to uninoculated controls to which only dead earthworm material was added.  In particular, the objectives were: 

   •
to determine timing and magnitude of plant responses (dry matter, macronutrients, roots)

   •
to assay effects on soil properties (water relations, soil structure, surface aggregation)

   •
to determine earthworm growth and survival (phenology and carrying capacity).


Successful species were defined by good survival in the test soils and demonstrable enhancement of plant yields.

Materials and methods

As the objectives were to screen a wide variety of earthworm species, the numbers of replications were reduced so that the maximum number of species could be tested simultaneously.   From preliminary experiments, where six and four replications were used for similar trials, coefficients of variation indicated that four replicants would be the minimum number to give significant detection of increases of yields above 30%, whereas for increases of yields greater than 50%, only two replications would be required.  From reports of previous studies (Edwards & Lofty 1977, Lee 1985), such yield expectations were not unreasonable.  Indeed, only substantial increases in plant yield were sought.

Soils

  Cracking clay soils (vertisols) of the brigalow region of SE Qld were of main interest although, for comparison, contrasting soils were also used.  The three soil types and their places of origin were:


Vertisol - a cracking clay from a rundown green panic (Panicum maximum) pasture (Paddock number 8) in the brigalow section of CSIRO Narayen Research Station.  This highly variable vertisol did not fit into a recognisable great soil group (of Stace et al., 1968) but was related to the red-brown earths (Dr.4.13 Northcote, 1979, C.H. Thompson, pers. comm.).  Characteristics of this soil are discussed by Peake et al. (1990).


Kraznozem - an uncultivated inceptisol-latosol (Gn 3.11 Northcote, 1979) from under green panic (Panicum maxomum) in a laneway adjacent to a QDPI pasture site at Kingaroy. This virgin soil is described under "Buttsworth Scrub" in Coughlan et al. (1991).  (Note: cultivated soil was not used since there was the possibility of harmful levels of organochlorine residues as were found in a previous study using a soil from an adjacent site).


Podzol - a yellow podzolic loamy sand (ultisol) from pasture sown to Setaria sphacelata but dominated by other species, that had been intensively grazed for 20 years (Paddock number 4) at CSIRO Samford Research Station (details in Jones et al., 1991).  


Intact soil cores were obtained from each of the three sites by hammering in PVC tubes of 23.4 cm diameter (0.0434 m2) by 33 cm deep.  The PVC tubes were bevelled at the bottom end, to facilitate driving into the soil, and had two 1 cm diameter holes drilled 2 cm from the top, to aid extraction and handling.  The PVC tubes were driven 30 cm into the soil at each site.  Thirty intact cores were collected, one adjacent to the next, at Narayen, twelve at Kingaroy and twenty-six at Samford.  All cores were transported to Brisbane.  All cores were placed in dehydrator ovens set at 60C for a week to remove any resident soil fauna and also to dry the soil.  The dry soil cores were placed on 30 cm wide plastic trays and moved onto benches in the glasshouse with 10 to 12 cores per bench.  Individual weighing allowed the water requirements to be calculated.  The soil moisture (by dry weight of soil) contents were selected to give approximate field capacities.  These were 28% for the vertisol, 22% for the kraznozem and 18% for the sandy podzol.  Tank rainwater was used and added gradually to each core, the cores were then left for a week to stabilise.

Earthworm Species

Only species which were abundant in field surveys of other locations or were obtainable from other sources, were selected for trial since the availability and abundance were two of the first criteria of selection.   Native or naturalised species were used so that the problems of transporting exogenous species were avoided.


Species trialed are shown in Table 4.3.1.  Earthworms, collected previously and maintained in stock cultures, were allocated randomly and introduced to the surface of the cores as in the following Table 4.3.2.


Most of the worms were added on July 25, 1991 however, Eukerria saltensis were added on August 28, 1991.  Extra Dichogaster saliens were added to some Samford cores, and  Pontoscolex corethrurus and Aporrectodea trapezoides were added to some Narayen and Samford cores (as shown in table 4.3.2), on September 9, 1991.  These extras were included to increase the biomass to levels comparable with some other treatments and to assess possible density-dependent effects (this aspect was not investigated further).

Plants

Two classes of test crops were compared, a C3 winter crop: oats (Avena sativa  var. Minhafer) and summer or tropical C3 and C4 grasses.   On  24th  July

Table 4.3.1 Species of earthworm used in the glasshouse trial and thier sources of origin.
______________________________________________________________________






PROVENANCE





__________________________


Spp

Soil 
Sites


Origin


______________________________________________________________________

1  Dichogaster affinis
clay
Brisbane (glasshouse)
Africa

1a D affinis/D. saliens1
clay
Brisbane (glasshouse)
Africa

2  Spenceriella minor 
loam
Gayndah


Qld/?NSW

3  Pontoscolex corethrurus 
loams
Samford


Central America

4  Polypheretima elongata
clay
Biloela


Southeast Asia 

5  Polypheretima taprobanae
loam   
Samford


Southeast Asia 

6  Eudrilus eugeniae
humus
Brisbane (wormfarm)
West Africa

7  Aporrectodea trapezoides
loam   
Samford  (Gayndah) 
Eurasian

7a A. trap./A. caliginosa1 
loam
Adelaide


Europe

8  Metaphire californica
clay 
Gayndah  (garden)

Asia

9  Fletcherodrilus unicus
clay
Kingaroy (Narayen)
Qld/NSW

10 Eukerria saltensis
clay 
Narayen


South America

11 Digaster brunneus
clay 
Gayndah


Qld

12 Eisenia fetida
humus
Brisbane (wormfarm)
Europe

______________________________________________________________________

1 mixed populations, proportions unknown

1991, oats seeds were planted in each core in a star pattern to a depth of 2 cm.  The week following germination, seedlings were thinned to give 8 shoots per core.    Dry surface litter and stubble that had been removed from the Narayen and Kingaroy cores was weighed and evenly distributed on the surface of the respective cores; Samford cores already had uniform covering of surface litter. 


In the third month (29th October, 1991), the oats were undersown with grasses, later thinned to give 30 peripheral green panic (Panicum maximum var. Petrie) and 10  central buffel (Cencrus ciliaris) seedlings.  Thus green panic was the dominant grass.  In the Samford cores, these grasses were swamped by growth of residual resident grasses, mainly blue couch grass (Digitaria didactyla) and a sedge; as a result, the initial grass harvest was omitted for Samford.

 Table 4.3.2 Earthworms added to soil cores on, or after, July 25, 1991 (im-immature; m-mature).
 _______________________________________________________________________________________________________________

 



Vertisol (NARAYEN)

Kraznozem (KINGAROY)    
Podzol (SAMFORD)

 



_________________________________________________________________________________

 Species 


Core Numbers  Mass 
    
Core Numbers  Mass 
   
Core Numbers  Mass

 (Ctrl - control)

No. 
im m Tot  g   Mean
No. 
im m Tot  g  Mean  
No. im m Tot  g  Mean

 _______________________________________________________________________________________________________________

 Dichogaster affinis

1
15 15 30  0.6 

1
15 15 30  0.6


1  15 15 30  0.6 


 Dichogaster affinis

2
15 15 30  0.6 0.58  

2
15 15 30  0.6 0.58 

2  15 15 30  0.6 0.58 

 D. affinis / D. saliens 










3  30 70 100 2.1

 D. affinis / D. saliens










4  30 70 100 2.1 2.14

 Spenceriella minor 

3
2  4  6  1.9 




 Spenceriella minor

4
2  4  6  2.0 1.95 




 Pontoscolex corethrurus
5
2  3  5  1.6 


3
2  3  5   1.4 


5  2  3  5   1.5

 Pontoscolex corethrurus
6
2  3  5  1.6 1.60

4 
3  5  5   1.5 1.45 

6  2  3  5   1.6 1.55

 Pontoscolex corethrurus
7
4  4  8  2.6 







7  4  4  8   2.7 


 Pontoscolex corethrurus
8
4  4  8  2.7 2.65 






8  4  4  8   2.7 2.70 

 Polypheretima elongata
9
4  1  5  3.6 







9  4  1  5   3.8 


 Polypheretima elongata
10
4  1  5  3.5 3.55 






10 4  1  5   3.6 3.70

 Polypheretima taprobanae
11
3  2  5  4.6 







11 3  2  5   4.2 

 Polypheretima taprobanae
12
3  2  5  5.1 4.85 






12 3  2  5   4.2 4.20

 Eudrilus eugeniae

13
0  5  5  4.3 


5
0  5  5   4.2


13 0  5  5   4.3 


 Eudrilus eugeniae

14
0  5  5  4.3 4.30

6 
0  5  5   4.4 4.30

14 0  5  5   4.4 4.35 

 Aporrectodea trapezoides
15
2  1  3  2.4 


7
2  1  3   2.5
 

15 2  1  3   2.2 


 Aporrectodea trapezoides
16
2  1  3  2.1 2.25

8
2  1  3   1.9 2.20

16 2  1  3   2.0 2.10

 Aporrectodea trapexoides
17
2  3  5  3.8 







17 2  3  5   3.7

 Aporrectodea trapezoides
18
2  3  5  3.9 3.85






18 2  3  5   3.6 2.65 

 Metaphire californica
19
0  4  4  5.5 







19 0  4  4   5.5

 Metaphire californica
20
0  4  4  5.5 5.50






20 0  4  4   5.4 5.45 

 Fletcherodrilus unicus
21
1  4  5  7.5 


9
1  4  5   8.0 



 Fletcherodrilus unicus
22
1  4  5  8.1 7.80 

10
1  4  5   7.9 7.95 

 Eukerria saltensis

23
0  50 50 0.6 







21 0  50 50  0.6

 Eukerria saltensis

24
0  50 50 0.6 0.60 






22 0  50 50  0.6 0.60 

 Digaster brunneus

25
0  1  1  4.7 




 Digaster brunneus

26
0  1  1  4.9 4.80 



 Ctrl-dead Eisenia fetida 
27      7      
 4.0


11 
      7
 4.0


23    7       4.0


 Ctrl-dead Eisenia fetida 
28      7 
 4.1


12 
      7
 3.9 4.0

24    7       4.2


 Ctrl-dead Eisenia fetida 
29      7 
 4.1







25    7       4.0


 Ctrl-dead Eisenia fetida 
30      7 
 4.0 4.0






26    7       4.1


 _______________________________________________________________________________________________________________

Maintenance and measurements


The watering regime was to add 500 ml or 1 litre to cores twice during the week and, at the end of a week, each core was weighed and brought up to its particular required weight with rainwater.  At the same time each core was rotated two places to the left along the benches so that, over a month, each would complete a circuit.  At bi-monthly intervals the cores were swapped between benches.  In this way bias of position was eliminated.  Cores were consistently monitored and any weeds, aphids or caterpillars removed by hand.  Surface casting and earthworm escapes/mortalities were also noted. 



At periodic (monthly) intervals the plants were harvested at 3 cm (or soil level at termination) and (60C) oven dry weights obtained.  The dry plant material was ground for chemical analysis.


Intermittently, additional measurements were made of the heights and tillering of the oats.  Water infiltration rates were taken after the third harvest on cores weighed and watered to exactly 500 ml less than their respective soil moisture values.  A glass tube of 5 cm diameter, marked with gradations representing 100 ml water, was pressed 1 cm into the surface at the centre of a soil core.  The tube, held vertically, was filled to the 300 ml mark by carefully and quickly poring water down the inside edge.  Timing each 100 ml with a stopwatch gave mean infiltration rates. 

Dismantling

The steps in dismantling cores, after final harvest, were: 


•
obtain gross weight


•
collect and weigh surface litter


•
photograph and describe surface topology 


•
measure height of soil to surface of the tubes 


•
extrude soil using a special threaded press


•
collect and weigh loose surface material (casts) and cut and weigh to level surface (topsoil)


•
extrude 10 cm, weigh and sort for earthworms 




•
subsample for soil moisture




•
subsample for roots


•
extrude next 10 cm, treat as above


•
measure depth and extrude remainder, treat as above


•
weigh and sort soil remaining on the trays


•
weigh empty tube and tray


•
sort and weigh earthworms (preserve samples)


•
wash, oven-dry and weigh roots


From the 100C oven-dried subsamples (and the mass and volumes of soil), soil moisture and thence soil bulk densities were calculated.  Subsamples for cast/topsoil and root analysis were stored in a fridge before processing.  Roots were washed free of soil in agitated-water spargefaction fountains, the root material floating to the surface and draining into fine 1 mm mesh sieves (some earthworm cocoons were also recovered).  Samples of surface casts and topsoil material were prepared for chemical analysis by winnowing out litter/roots, drying at 40C and lightly grinding.

Statistics

Statistic tests used ANOVA of cumulative harvest results at each harvest, for both test crops, comparing treatments for each soil separately, rather than combined sequential yields.  Species treatments were not combined over soils, as the numbers of treatments and replications varied between and within soils and the variances between soils was large.  

Results

Plants
Tables 4.3.3 to 4.3.6 show oat plant dry matter, N, P and K yields, respectively; Tables 4.3.7 and 4.3.8 show the oat plants height and tillering; Tables 4.3.9 to 4.3.11 grass dry weights, N and P yields, respectively and Table 4.3.12 shows grass root yields.

 Table
4.3.3  Mean oats yields (g) for three soil types over three harvests, treatment effects relative to controls 

 and significance of difference (ANOVA).  

 _________________________________________________________________________________

 

WEEK:
6    


10    


14  

 



_____________________________________________________________

 SOIL/Spp

     Mean %ctrl ANOVA    Mean %ctrl ANOVA    Mean %ctrl ANOVA

 Vertisol (NARAYEN)

 D. affinis/saliens
15.69  29.5 *

33.85  16.6 ns

44.83   14.9 ns

 S. minor
 

13.52  11.5 ns

25.38 ‑12.5 ns

32.42  ‑16.9 ns

 Pont. corethrurus 
14.39  18.7 ns

32.15  10.8 ns

42.99   10.2 ns

 P. elongata

15.13  24.9 ns

25.88 ‑10.8 ns

32.40  ‑16.9 ns

 P. taprobanae

14.19  17.1 ns

32.04  10.4 ns

43.61   11.8 ns

 Eu. eugeniae

15.21  25.5 ns

36.67  26.4 * 

50.28   28.9 *

 A. trapezoides

14.84  22.5 *

30.08   3.6 ns

38.30   -1.8 ns

 M. californica
 
12.70   4.8 ns

26.77  ‑7.8 ns

34.96  ‑10.4 ns

 F. unicicus

14.45  19.2 ns

31.08   7.1 ns

41.00    5.1 ns

 E. saltensis

14.51  19.7 ns

28.78  ‑0.8 ns

36.93   ‑5.3 ns

 Dg. brunneus

12.56   3.6 ns

28.24  ‑2.7 ns

37.51   ‑3.8 ns

 CONTROL
 

12.12   0.0 

29.02   0.0   

39.01    0.0 

 Kraznozem (KINGAROY)

 D. affinis/saliens
6.29  ‑32.4 * 

17.91 ‑22.8 ns

28.12  ‑14.3 ns

 Pont. corethrurus
7.55  ‑18.9 ns

21.39  ‑7.8 ns

31.25   ‑4.7 ns

 Eu. eugeniae

7.56  ‑18.8 ns

18.41 ‑20.7 ns

26.51  ‑19.2 ns

 A. trapezoides

6.25  ‑32.8 * 

17.24 ‑25.7 *

25.00  ‑23.8 *

 F. unicicus

7.63  ‑18.0 ns

18.52 ‑20.2 ns

26.21  ‑20.1 ns

 CONTROL
 

9.30    0.0   

23.20   0.0 

32.80    0.0 

 Podzol (SAMFORD)    



 D. affinis/saliens
10.13 ‑10.4 ns

20.47  ‑4.6 ns

26.34   -0.4 ns

 Pont. corethrurus
10.29  ‑9.0 ns

19.50  ‑9.1 ns

24.19   ‑8.6 ns

 P. elongata

11.67   3.2 ns

22.22   3.6 ns

27.33    3.4 ns

 P. taprobanae

11.18  ‑1.2 ns

22.46   4.7 ns

28.28    7.0 ns

 Eu. eugeniae

11.65   3.0 ns

21.68   1.1 ns

26.55    0.5 ns

 A. trapezoides

10.39  ‑8.1 ns

20.93  ‑2.4 ns

25.88   -2.1 ns

 M. californica

10.91  ‑3.6 ns

22.85   6.5 ns

27.76    5.0 ns

 E. saltensis

11.20  ‑1.0 ns

21.18  ‑1.3 ns

25.23   ‑4.6 ns

 CONTROLS


11.31   0.0   

21.45   0.0   

26.43    0.0 

 ________________________________________________________________________________

 Table
4.3.4  Mean oats N yields (g) for three soil types over three harvests, treatment effects relative to controls 

 and significance of difference (ANOVA).  

 _________________________________________________________________________________

 

WEEK:
6    


10    


14  

 



_____________________________________________________________

 SOIL/Spp

    
Mean %ctrl ANOVA
Mean %ctrl ANOVA
Mean %ctrl ANOVA

 Vertisol (NARAYEN)

 D. affinis/saliens
0.75  26.3 *

1.17   8.9 ns

1.39   9.0 ns

 S. minor
 

0.55  ‑7.9 ns

0.77 ‑28.1 ns 

0.89 ‑29.9 ns

 Pont. corethrurus 
0.68  15.2 ns

1.13   5.1 ns 

1.34   5.4 ns

 P. elongata

0.56  ‑6.4 ns

0.78 ‑28.1 ns 

0.91 ‑28.7 ns

 P. taprobanae

0.61   3.4 ns

1.11   3.2 ns 

1.34   5.4 ns

 Eu. eugeniae

0.73  23.3 *

1.39  29.2 ns 

1.67  31.4 ns

 A. trapezoides

0.67  13.0 ns

1.00  ‑7.7 ns 

1.16  ‑9.0 ns

 M. californica

0.53 ‑10.7 ns

0.83 ‑23.4 ns 

0.98 ‑22.9 ns

 F. unicicus

0.63   5.4 ns

1.02  ‑5.7 ns 

1.20  ‑5.7 ns

 E. saltensis

0.63   5.9 ns

0.95 ‑11.6 ns 

1.11 ‑12.5 ns

 Dg. brunneus

0.60   1.0 ns

0.98  ‑8.8 ns 

1.14 ‑10.4 ns

 CONTROL
 

0.59   0.0   

1.08   0.0 ns 

1.27   0.0 ns

 Kraznozem (KINGAROY)

 D. affinis/saliens
0.28 ‑34.0 *

0.69 ‑26.0 *  

0.99 ‑22.7 *

 Pont. corethrurus
0.35 ‑18.0 ns

0.86  ‑7.4 ns 

1.21  ‑5.0 ns

 Eu. eugeniae

0.34 ‑18.9 ns

0.74 ‑20.6 ns 

1.05 ‑18.1 ns

 A. trapezoides

0.29 ‑31.7 *

0.70 ‑25.4 *  

0.98 ‑23.1 *

 F. unicicus

0.33 ‑21.4 ns

0.74 ‑20.5 ns 

1.03 ‑18.9 ns

 CONTROL
 

0.42   0.0   

0.93   0.0   

1.28   0.0 

 Podzol (SAMFORD)    



 D. affinis/saliens
0.36 ‑17.2 ns

0.56  ‑6.7 ns 

0.68  ‑2.0 ns

 Pont. corethrurus
0.37 ‑14.6 ns

0.53 ‑12.9 ns 

0.61 ‑11.0 ns

 P. elongata

0.45   1.9 ns

0.64   5.5 ns 

0.74   7.7 ns

 P. taprobanae

0.41  ‑6.2 ns 

0.61   1.0 ns 

0.71   3.4 ns

 Eu. eugeniae

0.39 ‑10.3 ns 

0.58  ‑4.5 ns 

0.67  ‑2.6 ns

 A. trapezoides

0.35 ‑20.1 ns 

0.54 ‑10.2 ns 

0.63  ‑8.2 ns

 M. californica

0.39 ‑10.4 ns 

0.59  ‑3.2 ns 

0.67  ‑2.7 ns

 E. saltensis

0.44   0.6 ns 

0.61   0.7 ns 

0.69  ‑0.8 ns

 CONTROL


0.44   0.0 ns

0.60   0.0 ns 

0.69   0.0 ns

 ________________________________________________________________________________

 Table
4.3.5  Mean oats P yields (g) for three soil types over three harvests, treatment effects relative to controls 

 and significance of difference (ANOVA).  

 _________________________________________________________________________________

 

WEEK:
6    


10    


14  

 



_____________________________________________________________

 SOIL/Spp

    
Mean %ctrl ANOVA
Mean %ctrl ANOVA
Mean %ctrl ANOVA

 Vertisol (NARAYEN)

 D. affinis/saliens
0.065  40.6 *

0.152  36.0 ns

0.272   37.4 *

 S. minor
 

0.052  12.0 ns

0.123   9.4 ns

0.182   ‑7.9 ns

 Pont. corethrurus 
0.056  20.9 ns

0.140  24.9 ns

0.242   22.6 ns

 P. elongata

0.061  32.4 ns

0.144  28.2 ns

0.190   ‑4.1 ns

 P. taprobanae

0.057  22.5 ns

0.139  23.8 ns

0.228   15.3 ns

 Eu. eugeniae

0.054  16.5 ns

0.130  16.4 ns

0.234   18.5 ns

 A. trapezoides

0.066  42.3 * 

0.171  52.6 **

0.262   32.5 *

 M. californica
 
0.043  ‑7.6 ns

0.116   3.5 ns

0.196   ‑0.7 ns

 F. unicicus

0.060  29.7 ns

0.147  31.4 ns

0.255   29.2 ns 

 E. saltensis

0.055  19.4 ns

0.131  16.8 ns

0.207    4.9 ns

 Dg. brunneus

0.040 ‑13.5 ns

0.093 ‑17.1 ns

0.166  ‑16.1 ns 

 CONTROL
 

0.046   0.0   

0.112   0.0   

0.198    0.0 

 Kraznozem (KINGAROY)

 D. affinis/saliens
0.009 ‑44.0 *

0.031 ‑27.1 * 

0.055  -15.5 ns

 Pont. corethrurus
0.014 ‑19.0 ns

0.042  ‑1.1 ns

0.066    1.7 ns 

 Eu. eugeniae

0.013 ‑21.3 ns

0.033 ‑21.2 ns

0.054  ‑17.5 ns

 A. trapezoides

0.010 ‑39.9 ns

0.031 ‑27.3 ns

0.050  ‑22.6 ns

 F. unicicus

0.012 ‑27.7 ns

0.034 ‑20.2 ns

0.051  ‑21.3 ns

 CONTROL
 

0.017   0.0 

0.042   0.0   

0.065    0.0 

 Podzol (SAMFORD)

 D. affinis/saliens
0.027 ‑18.6 ns

0.055  ‑6.7 ns

0.078   ‑3.0 ns

 Pont. corethrurus
0.027 ‑17.8 ns

0.049 ‑15.8 ns

0.069  ‑14.6 ns

 P. elongata

0.033   0.7 ns

0.059   1.3 ns 
0.081    0.1 ns

 P. taprobanae

0.028 ‑16.0 ns

0.054  ‑8.0 ns

0.078   ‑4.0 ns

 Eu. eugeniae

0.027 ‑17.5 ns

0.050 ‑13.8 ns

0.069  ‑14.4 ns

 A. trapezoides

0.026 ‑22.8 ns

0.050 ‑14.9 ns

0.068  ‑16.2 ns

 M. californica

0.027 ‑18.1 ns

0.052 ‑10.7 ns

0.070  ‑13.2 ns

 E. saltensis

0.035   5.5 ns

0.061   4.5 ns

0.081    0.3 ns

 CONTROL


0.033   0.0   

0.058   0.0   

0.081    0.0 

 _________________________________________________________________________________

Table
4.3.6  Mean oats K yields (g) for three soil types at week 10 harvest.
______________________________________________________________________

SOIL



Spp


Mean
%ctrl
ANOVA

______________________________________________________________________

Vertisol (NARAYEN)      D. affinis/sal

0.79   30.4    ns 





S. minor
 
0.40  ‑34.4    ns 





Pont. corethrurus 
0.75   23.2    ns 





P. elongata

0.34  ‑44.3    ns 





P. taprobanae
0.80   32.1    ns 





Eu. eugeniae

1.05   74.2    *





A. trapezoides
0.62    3.0    ns 





M. californica
0.54  ‑10.4    ns 





F. unicicus

0.66    8.5    ns 





E. saltensis

0.55   ‑9.1    ns 





Dg. brunneus

0.67   11.3    ns 





CONTROL
 
0.60    0.0     

Kraznozem (KINGAROY)  D. affinis/sal
0.58   ‑8.3    ns





Pont. corethrurus
0.68    6.9    ns  





Eu. eugeniae

0.50  ‑21.5    * 





A. trapezoides
0.52  ‑19.0    * 





F. unicicus

0.50  ‑21.6    * 





CONTROL
 
0.64    0.0     

Podzol (SAMFORD)      
D. affinis/sal

0.30    5.5    ns 






Pont. corethrurus
0.24  ‑12.6    ns 





P. elongata

0.30    5.6    ns 





P. taprobanae
0.33   18.1    ns 





Eu. eugeniae

0.29    2.9    ns 





A. trapezoides
0.29    4.2    ns 





M. californica
0.31   10.8    ns 





E. saltensis

0.28    0.7    ns 






CONTROL

0.28    0.0       


 ______________________________________________________________________


From the oats harvests general trends emerge.  For the vertisol (Narayen) soil, all treatments stimulated increased plant DM yields in the first harvest: increases, of up to 30%, were significant for Dichogaster affinis and Aporrectodea trapezoides.   In successive harvests the plant yields tended to be relatively and progressively lessened (except for Eudrilus eugeniae which which remained at a constant rate).  Plant uptake of N, P and K were similar to DM yields, except that Eudrilus eugeniae tended to stimulate N and K production but reduce P, while A. trapezoides gave significantly greater P only.  
Results for the Kingaroy kraznozem soil showed almost exactly the opposite trends, starting with treatment yields lower than the control core yields.  In the Samford podzolic soil, treatments responses were only moderate for the oats.

Table
4.3.7  Mean oats maximum plant heights (cm) after 14 weeks for three soil types, effects relative to controls (%Ctr) and ANOVA Significance (Sig).
___________________________________________________________



SOIL:
Vertisol

Kraznozem

Podzol




NARAYEN

KINGAROY
SAMFORD
















__________________________________________________

SPP

    
Mean %Ctr Sig
Mean %Ctr Sig
Mean %Ctr Sig

D. affinis/saliens
44.9   26.2 **
45.0  0.9 ns 

42.3  3.7 ns

S. minor
 
38.6    8.6 ns

Pont. corethrurus 
45.5   28.1 *** 
48.3  8.3 ns 

41.3  1.2 ns

P. elongata

42.7   20.0 *




42.0  3.1 ns

P. taprobanae
47.0   32.2 ***



41.0  0.6 ns

Eu. eugeniae

46.1   29.5 ***
46.2  3.6 ns 

43.0  5.5 ns

A. trapezoides
46.2   30.0 ***
43.6 ‑2.2 ns 

41.3  1.2 ns

M. californica
40.3   13.4 ns



44.5  9.2 ns

F. unicicus

39.6   11.4 ns
47.0  5.3 ns

E. saltensis

41.2   15.8 *

 


42.5  4.3 ns

Dg. brunneus

38.6    8.6 ns

CONTROL
 
35.6    0.0 

44.6  0.0   

40.8  0.0 ______________________________________________________________


Heights of oats were mostly increased compared to controls, but only in the Narayen cores by significant amounts  (except for Spenceriella minor, Metaphire californica, Fletcherodrilus unicus and Digaster brunneus treatments).

Table
4.3.8  Mean tillers per oats plant after 14 weeks for three soil types, effects relative to controls (%Ctr) and ANOVA Significance (Sig).
___________________________________________________________



SOIL:
Vertisol

Kraznozem

Podzol




NARAYEN

KINGAROY
SAMFORD




___________________________________________________

SPP

    
Mean %Ctr Sig      Mean %Ctr Sig      Mean %Ctr Sig

D. affinis/saliens
14.5   ‑15.7 ns
11.5  ‑8.0  ns   
 8.0  -6.1 ns

S. minor
 
12.1   ‑30.0 *

Pont. corethrurus 
15.1   -12.1 ns 
11.3  ‑9.6  ns 
 8.1  -5.0 ns

P. elongata

11.1   ‑35.4 **


   
10.5 24.0 ns

P. taprobanae
13.7   ‑20.7 ns


   
 8.9   5.5 ns

Eu. eugeniae

18.5     7.1 ns
8.9   ‑28.8  ** 
 7.8  ‑8.2 ns

A. trapezoides
13.5   -21.6 *

9.7   ‑22.4  **  
 7.7  -9.4 ns

M. californica
13.0   -24.8 *


    

 6.9 ‑18.8 ns

F. unicicus

14.6   ‑15.5 ns 
10.3  ‑17.6  *


E. saltensis

15.9    ‑7.4 ns


   
 9.1   7.1 ns

Dg. brunneus

14.4   ‑16.1 ns

CONTROL
 
17.2     0.0    
12.5    0.0     
 8.5   0.0 

______________________________________________________________________


Comparing between the levels of treatments: absence of worms in the control cores tended to cause more tillers per oat plant, but there was less variation in the treatments in the sandy soil.  This suggests that the faster and higher growing plants tillered less.  Comparing between soils: tillering of oats tended to be lowest in the (relatively infertile) sandy soil.


Grass yield responses, in cores which had perhaps had time to stabilise, tended to be more pronounced than the previous oats yields.  Extremes for the Narayen soil ranged from 50-60% increased dry matter, N and P for D. affinis, to as low as -61% dry matter and N yield (but less reduced P levels) for P. elongata.

Table
4.3.9  Mean grass dry matter yields (g) for three soil types over two harvests, treatment effects relative to controls and significance of difference (ANOVA).  

______________________________________________________________________



WEEK:
6 



10




__________________________________________

SOIL/Spp

Mean (g)%ctrl ANOVA  
Mean (g) %ctrl ANOVA

______________________________________________________________________

Vertisol (NARAYEN)


D. affinis/saliens
13.56   54.3  *    
 
38.38    59.9  **

S. minor
 
 4.70   ‑46.5  ns   
 
17.24   ‑28.2  ns

Pont. corethrurus 
 8.05    ‑8.4  ns   
 
22.62    ‑5.8   ns

P. elongata

 3.36   ‑61.8  *   
 
16.10   ‑33.0  ns

P. taprobanae
 6.30   -28.3  ns   
 
22.24    ‑7.4  ns

Eu. eugeniae

10.99    25.0  ns   
 
28.99    20.7  ns

A. trapezoides
 9.56     8.8  ns
 
31.91    32.9  ns

M. californica 
 8.27    ‑5.9  ns  
 
25.04     4.3  ns

F. unicicus

10.05    14.3  ns   
 
28.78    19.9  ns

E. saltensis

 7.56   ‑14.0  ns   
 
22.15    ‑7.8  ns

Dg. brunneus

 5.94   ‑32.4  ns   
 
19.07   ‑20.6  ns

CONTROL
 
 8.79     0.0      
 
24.01     0.0

Kraznozem (KINGAROY)

D. affinis/saliens
 9.30   ‑12.7  ns   
 
20.17    ‑6.9  ns

Pont. corethrurus
10.35    ‑2.8  ns   
 
23.57     8.7  ns

Eu. eugeniae

 8.80   ‑17.4  ns   
 
20.12    ‑7.2  ns

A. trapezoides
10.85     1.9  ns   
 
23.65     9.1  ns

F. unicicus

11.23     5.4  ns   
 
24.22    11.7  ns

CONTROL
 
10.65     0.0     
 
21.68     0.0

Podzol (SAMFORD)    







D. affinis/saliens   
        

 
26.65    71.6  ***

Pont. corethrurus




18.11    16.6  ns

P. elongata





20.45    31.7  ns

P. taprobanae




18.48    19.0  ns

Eu. eugeniae





16.83     8.4  ns

A. trapezoides




20.97    35.1  *

M. californica




17.70    14.0  ns

E. saltensis





16.80     8.2  ns

CONTROL





15.53     0.0

______________________________________________________________________

Table
4.3.10  Mean grass total N yields (g) for three soil types over two harvests, treatment effects relative to controls and significance of difference (ANOVA).  

______________________________________________________________________



WEEK:
6 



10




__________________________________________

SOIL/Spp

Mean (g)%ctrl ANOVA  
Mean (g) %ctrl ANOVA

______________________________________________________________________

Vertisol (NARAYEN)


D. affinis/saliens
0.12   35.4   ns

0.32   52.6  **

S. minor
 
0.07  ‑27.3   ns

0.19  ‑11.6  ns

Pont. corethrurus 
0.10    4.8   ns

0.25   16.8  ns

P. elongata

0.06  ‑35.4   ns

0.21   ‑0.1  ns 

P. taprobanae
0.08  ‑16.0   ns

0.20   ‑6.9  ns 

Eu. eugeniae

0.11   14.5   ns

0.24   16.6  ns

A. trapezoides
0.10    5.4   ns

0.24   12.2  ns

M. californica
0.09   ‑5.2   ns

0.23    9.0  ns

F. unicicus

0.10    5.8   ns

0.24   16.8  ns

E. saltensis

0.09   ‑7.0   ns

0.21    1.6  ns 

Dg. brunneus

0.07  ‑27.6   ns

0.18  ‑14.5  ns 

CONTROL
 
0.09    0.0     

0.21    0.0   

Kraznozem (KINGAROY)

D. affinis/saliens
0.11  ‑39.8   ns

0.26  ‑18.5  ns

Pont. corethrurus
0.12  ‑30.3   ns

0.29   ‑9.2  ns

Eu. eugeniae

0.15  ‑16.5   ns

0.28  ‑12.7  ns

A. trapezoides
0.18    3.4   ns

0.33    5.3  ns 

F. unicicus

0.18    1.3   ns

0.34    8.9  ns 

CONTROL
 
0.18    0.0     

0.32    0.0   

Podzol (SAMFORD)    







D. affinis/saliens  




0.23   70.6   ***

Pont. corethrurus




0.16   16.1   ns

P. elongata





0.18   29.7   ns

P. taprobanae




0.19   37.8   ns

Eu. eugeniae





0.16   17.1   ns

A. trapezoides




0.18   35.0   *

M. californica




0.17   24.9   ns

E. saltensis





0.15    9.0   ns

CONTROL





0.14    0.0   

______________________________________________________________

Table
4.3.11 Mean grass total P yields (g) for three soil types over two harvests, treatment effects relative to controls and significance of difference (ANOVA).  

______________________________________________________________________



WEEK:
6 



10




__________________________________________

SOIL/Spp

Mean (g)%ctrl ANOVA  
Mean (g) %ctrl ANOVA

______________________________________________________________________

Vertisol (NARAYEN)


D. affinis/saliens
0.045   42.9   *

0.149   41.4  **

S. minor
 
0.037   16.0   ns

0.108    2.7  ns

Pont. corethrurus 
0.034    8.7   ns

0.117   10.7  ns

P. elongata

0.016  ‑49.5   **

0.063  ‑40.4  ** 

P. taprobanae
0.031   ‑0.9   ns

0.109    3.7  ns

Eu. eugeniae

0.030   ‑5.8   ns

0.116    9.6  ns

A. trapezoides
0.044   40.1   **

0.136   29.0  *

M. californica
0.044   40.9   *

0.129   22.7  ns

F. unicicus

0.045   43.9   *

0.142   34.3  *

E. saltensis

0.039   25.1   ns

0.120   14.2  ns

Dg. brunneus

0.034    7.6   ns

0.111    4.8  ns

CONTROL
 
0.032    0.0     

0.105    0.0   

Kraznozem (KINGAROY)

D. affinis/saliens
0.013   ‑8.6   ns

0.035    0.4  ns

Pont. corethrurus
0.012  ‑13.5   *

0.034   ‑1.1  ns

Eu. eugeniae

0.012  ‑14.9   *

0.034   ‑3.5  ns 

A. trapezoides
0.012  ‑15.2   *

0.033   ‑4.2  ns 

F. unicicus

0.012  ‑15.7   *

0.032   ‑7.5  ns 

CONTROL
 
0.014    0.0     

0.035    0.0   

Podzol (SAMFORD)    







D. affinis/saliens  




0.058   14.2  ns 

Pont. corethrurus




0.043  ‑15.4  ns  

P. elongata





0.055    8.3  ns

P. taprobanae




0.054    5.9  ns

Eu. eugeniae





0.045  ‑10.3  ns  

A. trapezoides




0.048   ‑5.9  ns 

M. californica




0.047   ‑7.0  ns 

E. saltensis





0.049   ‑2.3  ns 

CONTROL





0.051    0.0   

___________________________________________________________

The yields of plant P from the Narayen cores were also significantly higher in the  A> trapezoides, M. californica and F. unicus treatments.   Some of the responses of the grass in the Kingaroy cores tended to show slight positive effects towards the end of the trial.  In the Samford cores presence of D. affinis and A. trapezoides increased dry matter yields by 72% and 35%,  respectively, and total N by equivalent amounts.  A notable difference between the Narayen and Samford cores was that Polypheretima elongata decreased dry matter yields in the former but not in the latter.


Relative responses of both oats and grasses in terms of cumulative yields and total plant N, in all three soil types, for a selection of worm species are compared in Figure 4.3.1.  The cumulative yields of the control cores demonstrate that the Narayen and Kingaroy clays were more fertile than the Samford sand.   Plant responses in terms of both the dry matter and N yields which correlated, tended to be similar in each soil (except for an initial nutrient flush in the Narayen clay) but appeared to follow diffent patterns depending on the earthworm species.  Over the period of the experiment and for all soils, incremental increases in yields relative to the controls were demonstrated for Dichogaster spp, Aporrectodea spp and (in other than the Narayen soil) Pontoscolex corethrurus.  An interesting response was shown by Eudrilus eugeniae which, in all three soils from first harvest to last, gave almost constant rates of yield response.  This is interpreted as being due to provision of consistent rates of nutrients to the plants (in the form of nitrogen from its casts), a process that was established in the initial six week period before first harvest.  Polypheretima elongata showed anomalous results in the clay compared to the sand, akin to but more pronounced than those of Pontoscolex corethrurus.  In the former soil type, yields became progressively more depressed relative to the control yields, while in the sand an upward yield trend was evident.  This is ascribed to depletions on available N in the clay soil through the actions of this worm (the sand soil, yielding proportionately less N, was not as adversely affected).

Figure 4.3.1 Cumulative plant dry matter and N yields in the three soils (a) control cores; (b)-(f) different species treatments.
Table
4.3.12  Mean grass root yields (g) at termination for three soil types, effects relative to controls (%Ctr) and ANOVA Significance (Sig.).

___________________________________________________________



SOIL:
Vertisol

Kraznozem

Podzol




NARAYEN

KINGAROY
SAMFORD 




___________________________________________________

SPP

    
Mean %Ctr Sig 
Mean %Ctr Sig 
Mean %Ctr Sig

D. affinis/saliens
46.4 ‑17.4 ns 
30.9 ‑23.8 ns 
48.0 13.3 ns

S. minor
 
43.8 ‑22.0 ns 

Pont. corethrurus
42.7 ‑24.0 ns 
35.3 ‑13.1 ns 
47.0 11.0 ns

P. elongata
    
31.7 ‑43.6 **


   

52.4 23.6 ns

P. taprobanae
57.8   2.9 ns


   

47.6 12.4 ns


Eu. eugeniae
    
42.7 ‑23.9 ns 
56.2  38.5 ns 
63.4 49.8 **

A. trapezoides
44.8 ‑20.3 ns 
35.8 ‑11.7 ns 
49.5 16.8 ns

M. californica
43.3 ‑22.8 ns


   

42.2 ‑0.4 ns

F. unicicus
    
52.9  ‑5.8 ns 

47.8  17.7 ns

E. saltensis
    
59.1   5.2 ns


   

42.7  0.8 ns

Dg. brunneus
    
64.6  15.0 ns

CONTROL
 
56.2   0.0    

40.6  0.0 
  
42.4  0.0 

______________________________________________________________________


Earthworms in the Narayen cores tended to reduce growth of roots, but the reverse was true for the Samford soil.  The root washing technique may have been more effective for the lighter sandy soil from Samford than in the clay from Narayen.  Root growth depends on plant vigor and predation.  As rhizophagy is uncommon in earthworms, direct root reduction is unlikely.  Presence of P. elongata significantly reduced root growth in Narayen cores (this was related to the poor plant growth in this treatment).  In the Samford soil, Eudrilus eugenia stimulated almost 50% increased root growth.  It was observed that, where the distinctive pellet-like casts for this species had been forced over the lip of the cores and fallen in the base tray, the plant roots sought them out: root hairs were firmly attached to these pellets to form bunches like grapes on a vine.

Earthworm survival

Recovery of worms from the three soils are shown in Tables 4.3.13-4.3.15 and escapees in Table 4.3.16.  Many species increased in both numbers and biomass over the experimental period, some decreased, while a few of the natives became extinct.  In most cases, however, biomass increases were about two fold.  The Narayen clay appeared to provide the most suitable habitat, although results for the lighter textured sand were equivalent in many cases.  Recovery from the Kingaroy soil tended to be slightly lower.  The highest rates of increase over the period were in the Narayen cores and were 12-14 fold for numbers of Dichogaster affinis and Aporrectodea trapezoides.  These figures gave population equivalents of about 8,500 worms m-2  and 1,000 m-2, respectively.  Biomass figures for both these species were about 90-100 g m-2, but this is lower than the maximum carrying capacity of 322 g m-2 found for Polypheretima elongata in the Narayen clay.  After these three species, perhaps the next greatest increases (excluding an anomalous Eukerria saltensis rate in a single Narayen core) were for Pontoscolex corethrurus which did well in either sand or clay soil type.  Counts for some species were reduced by mortalities and/or escape (Table 4.3.16), especially mature Fletcherodrilus unicus and Eudrilus eugeniae also Dichogaster spp.  appeared to undergo mass migrations when conditions were humid.

Table 4.3.16  Earthworm escapee mortalities during trial.
___________________________________________________________

Spp



SourceA:
NARAYEN 
KINGAROY
SAMFORD

___________________________________________________________

Dichogaster affinis/saliens
5

0

100 B
Eudrilus eugeniae


3

3

1

Fletcherodrilus unicus

2

2 

n/aC
Apporectodea trapezoides

0

0

1

Metaphire californica

?1

n/aC

0



___________________________________________________________

A estimated from soil on cuticle and in gut

B dried on outside of tubes following storms in December 1991

C not applicable

 Table 4.3.13  Earthworms retrieved from Narayen cores after six months, and response coefficients.
 ________________________________________________________________________________________________

 

 



ADDED
 RETRIEVED 


    COEFFICIENT Retrieved/Added

 _______________________________________________________________________________________________










 Core

Species


No. Mass
 Earthworm Numbers1  Mass     No. Mass  Mean Mean

 No.






g.
 c  s  im  m   TOT   g.           g.    No.  Mass

 ________________________________________________________________________________________________

 1
Dichogaster affinis

30  0.58   3  0  335 33  371A  4.05   
12.4
7.0   
   

 2
Dichogaster affinis

30  0.58   1  0  268 32  301A  4.90   
10.0
8.4 
11.2
7.7

 3
Spenceriella minor 

6   1.90   0  0  0   0   0      0   
  0 
 0       

 4
Spenceriella minor

6   2.00   0  0  0   3   3     0.88   
 0.5
0.4 
 0.3
0.2

 5
Pontoscolex corethrurus
5   1.60   8  8  3   6   25    3.92   
 5.0
2.5       

 6
Pontoscolex corethrurus
5   1.60   8  8  1   5   22    4.21   
 4.4
2.6       

 7
Pontoscolex corethrurus
8   2.60   7  5  5   7   24    4.66   
 3.0
1.8       

 8
Pontoscolex corethrurus
8   2.70   8  8  4   8   28    6.15   
 3.5
2.3
 4.0
2.3   

 9
Polypheretima elongata
5   3.60   7  8  0   5   20   14.21  
 4.0
3.9       

 10
Polypheretima elongata
5   3.50   3  4  1   5   13   13.14   
 2.6
3.8 
 3.3
3.9   11
Polypheretima taprobanae
5   4.60   0  0  0   4   4     7.82   
 0.8
1.7       

 12
Polypheretima taprobanae
5   5.10   0  0  0   3   3     6.72   
 0.6
1.3 
 0.7
1.5   13
Eudrilus eugeniae

5   4.30   0  0  0   5   5     4.23   
 1.0
1.0      

 14
Eudrilus eugeniae

5   4.30   0  1  0   2   3     1.52   
 0.6
0.4 
 0.8
0.7   15
Aporrectodea trapezoides
3   2.40   1  0  0   4   5B    2.05   
 1.7
0.9     

 16
Aporrectodea trapezoides
3   2.10   7  27 6   3   43    3.89   
14.3
1.9     

 17
Aporrectodea trapezoides
5   3.80   3  13 10  3   29    4.05   
 5.8
1.1       

 18
Aporrectodea trapezoides
5   3.90   2  22 4   4   32    3.70   
 6.4
0.9 
 7.1
1.2   19
Metaphire californica
4   5.50   0  1  8   0   9     1.07   
 2.3
0.2       

 20
Metaphire californica
4   5.50   0  3  13  4   20    5.23   
 5.0
1.0 
 3.6
0.6   21
Fletcherodrilus unicus
5   7.50   0  0  7   0   7C    1.11   
 1.4
0.1 

 22
Fletcherodrilus unicus
5   8.10   0  0  8   0   8C    2.21   
 1.6
0.3 
 1.5
0.2   23
Eukerria saltensis

50  0.60   0  0  0   321 321   1.93   
 6.4
3.2       

 24
Eukerria saltensis

50  0.60   1  0  0   30  31    0.07   
 0.6
0.1 
 3.5
1.7   25
Digaster brunneus

1   4.70   0  0  0   0   0      0
   
  0
 0    

 26
Digaster brunneus

1   4.90   0  0  0   0   0      0   
  0
 0  
  0 
 0

 27/30 Control(E. fetida) 
7   4.00   0  0  0   0   0      0   
  0
 0  
  0
 0

 ____________________________________________________________________________________________________

 1 Codes: c - cocoon, s - small immature, im - immature, m - mature, TOT - total; A about half aestivating, included some D. saliens;

 B included A. caliginosa?; C adults regressed

 Table 4.3.14  Earthworms retrieved from Kingaroy cores after six months, and response coefficients.
 _____________________________________________________________________________________________

 

 



ADDED
 RETRIEVED 


   COEFFICIENT Retrieved/Added

 





__________________________________________________________________










 Core

Species


No. Mass
 Earthworm Numbers1
Biomass
No. 
Biomass  Mean  Mean

 No.






g.
 c  s  im  m   TOT 
g.    


    No.  Biomass

 ________________________________________________________________________________________________

  1
Dichogaster affinis

30   0.58  0  0  145 28  173A 1.91A  
5.8   3.3      

 2
Dichogaster affinis

30   0.58  2  0  194 32  228  2.58   
7.6   4.4   
6.7   3.9

 3
Pontoscolex corethrurus
5    1.40  3  4  4   3   14   3.14B 
2.8B
 2.2    

 4
Pontoscolex corethrurus
5    1.50  9  3  1   5   18   4.53C  
3.6C
 3.0   
3.2   2.6 

 5
Eudrilus eugeniae

5    4.20  0  5  0   0   5    0.30   
1.0   0.1       

 6
Eudrilus eugeniae

5    4.40  0  4  0   2   6    2.15   
1.2   0.5   
1.1   0.3

 7
Aporrectodea trapezoides
3    2.50  2  3  1   4   10D
2.50   
3.3   1.0

 8
Aporrectodea trapezoides
3    1.90  1  8  4   5   18   3.46   
6.0   1.8   
4.7   1.4

 9
Fletcherodrilus unicus
5    8.00  0  2  4E  0   6
1.77   
1.2   0.2     

 10
Fletcherodrilus unicus
5    7.90  0  3  2E  0   5 
2.16   
1.0   0.3   
1.1   0.2

 11
Control (Eisenia fetida) 7    4.00  0  0  0   0   0    0   
  
0   
 0.0       

 12
Control (Eisenia fetida) 7    3.90  0  0  1   0   1F 
1.44   
0.1   0.4   
0.1   0.2 

  ________________________________________________________________________________________________

 1 Codes as in Narayen Table 4.3.13.  A plus an Eudrilus eugeniae mature (mass 1.17g).  B plus 1 mature and 6 small immature Eudrilus eugeniae (mass 1.78g).  C plus an Eudrilus eugeniae sub-adult (mass 0.85g)  D one mature in aestivation.   E adults regressed.  F a mature Fletcherodrilus unicus (mass 1.44g).

 Table 4.3.15  Earthworms retrieved from Samford cores after six months, and response coefficients. 
_____________________________________________________________________________________________________

 

 



ADDED
 RETRIEVED 


   COEFFICIENT Retrieved/Added
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 Core

Species


No. Mass
 Earthworm Numbers1
Biomass
No. Biomass  Mean  Mean

 No.






g.
 c  s  im  m   TOT 
g.    


   No.   Biomass

 _____________________________________________________________________________________________________

 1
Dichogaster affinis

30   0.58  0  0  167 81  248
5.00   
8.3   8.6  

 2
Dichogaster affinis

30   0.58  0  0  142 29  171 
4.39   
5.7   7.6    7.0   8.1

 3
D. affinis/ D. saliens
100  2.14  0  0  135 62  197A
6.53   
2.0   3.1 

 4
D. affinis/ D. saliens
100  2.14  0  0  139 86  225A
7.33   
2.3   3.4    2.1   3.2   

 5
Pontoscolex corethrurus
5    1.50  5  9  1   4   19 
4.35   
3.8   2.9       

 6
Pontoscolex corethrurus
5    1.60  3  5  2   5   15  
5.12   
3.0   3.2       

 7
Pontoscolex corethrurus
8    2.70  8  7  5   7   27  
7.37   
3.4   2.7       

 8
Pontoscolex corethrurus
8    2.70  11 15 4   8   38  
7.27   
4.8   2.7    3.7   2.9   

 9
Polypheretima elongata
5    3.80  0  1  0   3   4   
5.88   
0.8   1.5       

 10
Polypheretima elongata
5    3.60  0  0  0   3   3   
6.98   
0.6   1.9    0.7   1.7   

 11
Polypheretima taprobanae
5    4.20  0  0  1   1   2   
3.23   
0.4   0.8       

 12
Polypheretima taprobanae
5    4.40  0  0  1   2   3   
2.55   
0.6   0.6    0.5   0.7   

 13
Eudrilus eugeniae

5    4.30  0  7  0   3   10  
2.69   
2.0   0.6       

 14
Eudrilus eugeniae

5    4.40  1  2  0   5   8   
6.20   
1.6   1.4    1.8   1.0   

 15
Aporrectodea trapezoides
3    2.20  8  7  1   1   17  
1.78   
5.7   0.8       

 16
Aporrectodea trapezoides
3    2.00  3  3  3   0   9   
1.24   
3.0   0.6       

 17
Aporrectodea trapezoides
5    3.70  3  9  2   3   17  
3.04   
3.4   0.8       

 18
Aporrectodea trapezoides
5    3.60  3  14 0   4   21  
4.35   
4.2   1.2    4.1   0.9   

 19
Metaphire californica
4    5.50  0  1  0   4   5   
5.76   
1.3   1.0       

 20
Metaphire californica
4    5.40  0  3  0   4   7   
5.28   
1.8   1.0    1.5   1.0   

 21
Eukerria saltensis

50   0.60  0  0  0   10  10  
0.21   
0.2   0.4       

 22
Eukerria saltensis

50   0.60  0  1  0   18  19  
0.21   
0.4   0.4    0.3   0.4   

 23
Control (Eisenia fetida)
7    4.00  0  0  0   0   0   
0      
0     0       

 24
Control (Eisenia fetida)
7    4.20  0  0  0   0   0   
0       
0     0       

 25
Control (Eisenia fetida)
7    4.00  0  0  0   0   0   
0       
0     0       

 26
Control (Eisenia fetida)
7    4.10  0  0  0   0   0   
0   
   
0     0       0    0     

_____________________________________________________________________________________________________

 1 Codes as in Narayen Table 4.3.13.  A many coiled in aestivation.


 
Specimens of  Eudrilus eugeniae and Fletcherodrilus unicus were occasionally found alive on the benchtops, floor and trays, these were returned to their respective cores (determined by their cast trails).  In one case, a Fletcherodrilus unicus was found to have wandered over 10 m from its core overnight. 


 Soils

 
The rate of infiltration of water into the Narayen and Samford soils was increased by most worm treatments (Table 4.3.17).  Eukerria saltensis and Polypheretima taprobanae were exceptions.  Each set of cores had similar relative moisture deficits before measurement so rates can be directly compared.  Most mean rates were increased significantly in the Samford soil but not in the Kingaroy soil.  In the Narayen trials, two species, P. elongata and Eu. eugeniae, gave significant increases, respectively, of about 10 and 20 times the control core rate. 


 Table
4.3.17  Mean infiltration rates (ml s-1) in cores of three soil types, three months after earthworm introduction, ratios relative to controls (1:1) and ANOVA significance (Sig.).


 ___________________________________________________________________


 

SOIL:
Vertisol

Kraznozem

Podzol 


 


NARAYEN

KINGAROY
SAMFORD


 ___________________________________________________________________


 SPP

    
Mean   1:1   Sig
Mean   1:1   Sig 
Mean    1:1   Sig


 D. affinis/saliens
0.50      1.7    ns
1.49     1.5     ns
 1.81      3.3   ***



 S. minor
 
0.53      1.8    ns



 Pont. corethrurus 
0.63      2.2    ns
1.46      1.4    ns
 1.66      3.0   **


 P. elongata

2.80      9.5    *



 2.28      4.2   ***


 P. taprobanae
0.35      1.2    ns



 0.84      1.5   ns


 Eu. eugeniae

5.57     19.0   ***
3.40      3.3    ns
 2.00      3.6   ***


 A. trapezoides
0.78      2.7    ns
3.01      3.0    ns
 1.83      3.3   ***


 M. californica
0.46      1.6    ns



 1.81      3.3   **


 F. unicus

2.39      8.2    ns
1.21      1.2    ns


 E. saltensis

0.24      0.8    ns



 0.54      1.0   ns


 Dg. brunneus

0.36      1.2    ns



 CONTROL
 
0.29      1.0   
1.02      1.0 

 0.55      1.0 


 ______________________________________________________________


 It is proposed here that the nature of these two responses differed. In the P. elongata cores, which were routinely observed to have much better drainage, faster infiltration was due to vertical macropores.   In the Eu. eugeniae cores, lateral adsorption on the thick surface layers of pellet-like casts may have been an important process.  These latter infiltration rates are greater than the relative responses determined by some worker (e.g. Ehlers, 1975; Stockdill, 1966; Abbott & Parker, 1981; Clements, 1982) but are not as high as rates obtained by others (e.g. Hoogerkamp et al., 1983; Tisdall, 1978).


 Table
4.3.18 Mean Soil Moisture Contents (% Dry Soil) at termination for three soil types, effects relative to controls (%Ctr) and ANOVA Significance (Sig.).


 ___________________________________________________________


 SOIL:


Vertisol

Kraznozem

Podzol


 


NARAYEN

KINGAROY
SAMFORD 


 ______________________________________________________________________


 SPP

    
Mean  %Ctr  Sig 
Mean
%Ctr
Sig
Mean  %Ctr    Sig


 ______________________________________________________________________

 D. affinis/saliens 
29.9      3.8    ns
25.2
3.6
ns 
11.9
‑35.6
***


 S. minor
 
34.6     20.3    *



 Pont. corethrurus  
31.1      8.2    ns
24.8
2.1
ns
17.2 
 ‑6.7   ns


 P. elongata
    
32.7     13.6    ns


 
15.4
‑16.7   ns


 P. taprobanae
32.5     12.8    ns



14.6
‑20.9   *


 Eu. eugeniae
    
30.3      5.4    ns
26.6
9.7
ns
15.9
‑14.0   ns


 A. trapezoides
32.6     13.2    ns
25.8
6.1
ns
15.6 
‑15.4   ns


 M. californica
32.6     13.2    ns



16.3
‑11.4   ns


 F. unicus
    
31.4      9.2    ns
26.2
8.0
ns


 E. saltensis
    
33.5     16.5    ns



16.9
 ‑8.4   ns


 Dg. brunneus
   
35.7     24.2    *



 CONTROL
 
28.8      0.0

24.3
0.0 

18.4
  0.0  ______________________________________________________________________


 
Soil moisture contents at the final harvest were in general not influenced by the earthworms (Table 4.3.18).   Under the glasshouse conditions this is not surprising, but four worms seem to have influenced the water content of the soil.  Significantly higher final moistures were detected for S. minor and Dg. brunneus, two native species that had low survival rates (and low burrow drainage) and low plant yields in the Narayen soil.   Lower moistures were measured for Dichogaster spp. and P. taprobanae in the Samford soil, probably due to higher plant demands.  Absolute values of final soil moisture depended on the moisture regime and also on the field capacity of the particular soil. 


 Table 4.3.19  Bulk Densities (g cm-3) at termination for three soil types, effects relative to controls (%Ctr) and ANOVA Significance (Sig.).


 ___________________________________________________________


 SOIL:


Vertisol

Kraznozem

Podzol


 


NARAYEN

KINGAROY
SAMFORD 


 ___________________________________________________________


 SPP

    
Mean %Ctr Sig
Mean %Ctr Sig 
Mean %Ctr Sig


 D. affinis/saliens 
1.12   6.0  ns

1.23  ‑1.2  ns

1.42  ‑3.8  ns


 S. minor
 
1.10   3.9  ns


 Pont. corethrurus  
1.10   3.7  ns

1.25   0.8  ns

1.45  ‑1.4  ns


 P. elongata
    
1.19  12.5  **



1.45  ‑1.8  ns


 P. taprobanae
1.16  10.1  *




1.52   3.0  ns


 Eu. eugeniae
    
1.10   4.3  ns

1.28   2.8  ns

1.44  ‑2.3  ns


 A. trapezoides
1.15   8.7  *

1.26   1.0  ns

1.48   0.3  ns


 M. californica
1.10   4.0  ns




1.48   0.2  ns


 F. unicus
    
1.13   6.8  ns

1.22  ‑1.8  ns


 E. saltensis
    
1.11   4.7  ns




1.49   1.1  ns


 Dg. brunneus
    
1.10   4.4  ns


 CONTROL
 
1.06   0.0 

1.24   0.0 

1.47   0.0 


 ___________________________________________________________


 
Generally, the worms had no significant effect on the measurable bulk densities, but three species increased the bulk density of the Narayen soil: Polypheretima elongata, Polypheretima taprobanae and Aporrectodea trapezoides (Table 4.3.19).  


 
Species casting profusely on the surface were Eu. eugeniae in all three soils, and Dichogaster spp.,  Pont. corethrurus, Polypheretima elongata, A. trapezoides and M. californica in either or both Narayen and Samford soils (Table 4.3.20).  The forms of the casts are described in Table 4.3.21. 


 Table
4.3.20 Mean surface casts (g) at termination for three soil types and


  ANOVA significance (Sig.).


 ______________________________________________________________________


 

SOIL:
Vertisol

Kraznozem

Podzol



 Spp


NARAYEN

KINGAROY
SAMFORD 


_________________________________________________


 


Mean
Sig 

Mean
Sig
 
Mean
Sig


 ______________________________________________________________________


 D. affinis/saliens  
 89.5 
ns

 56.5 
ns
 
 94.8
**


 S. minor
 
  0.0 
ns





 Pont. corethrurus  
211.8 
*

382.4
ns
 
 77.3
*


 P. elongata
    
249.0 
*



 
 72.0
ns


 P. taprobanae
  0.0 
ns



 
  4.0
ns


 Eu. eugeniae
    
544.5 
***

610.5
**

425.0
***


 A. trapezoides
342.3 
**

236.9
ns

 36.3 
ns


 M. californica
269.5 
*




 60.0 
ns


 F. unicus

180.0 
ns

335.2
ns


 E. saltensis
     
 57.0 
ns




  4.0 
ns


 Dg. brunneus
      
  0.0 
ns




 CONTROL
 
  0.0


132.41 

  0.0


 ______________________________________________________________________


 1  Kingaroy controls had residual casts as well as contamination.


 Table 4.3.21. Description of surface casts and soil matrices of dismantled cores.

 ___________________________________________________________


 Spp



Appearance of casts; soils


 ______________________________________________________________________


 D. affinis

fine granular casts (0.5-1.0 mm); soils friable


 D. saliens

often inhabiting small chimneys


 S. minor
 
casts not obvious


 P. corethrurus
medium sized globular or ribbon casts especially when soil wet; soils permeated with burrows 


 P. elongata

large globular (30 mm) and long threads; surface pitted and 
many large ramifying burrows (2-9mm)


 P. taprobanae
occasional surface casts


 Eu. eugeniae

copious regular pellets 2-3x1 mm especially around sides; 
burrows also along edges


 A. trapezoides
extensive globular surface casts


 M. californica
patchy subrounded up-wellings


 F. unicus

distinctive elongate pellets 2-6x2 mm


 E. saltensis

fine granules 


 Dg. brunneus

none; large diameter burrows 


 ______________________________________________________________________



Species that appear to cast mainly below ground are Polypheretima elongata, S. minor, P. taprobanae and Dg. brunneus (despite mortality of this latter species, several helical burrows were found in the cores on dismantling).  Additional observations were that casts in the denser clay soil were more aggregated and water-stable than the in the Samford sand.  


 
Chemical analyses of samples of air-dried surface casts and topsoils for the Narayen and Samford soils are presented in Tables 4.3.22 and 4.3.23.


 
Compared to the Samford soil, the Narayen soil is generally more fertile having especially higher levels of macronutrients (total N, P, K) and exchangeable cations.  Earthworm casts tended to be have higher levels of P, K and total N.  Species with casts enriched in macronutrients compared to the topsoil (i.e. with mean ratios above 1.0) in both soils were those produced by A. trapezoides, Dichogaster spp. and possibly Pont. corethrurus, also, for the Narayen clay soil those from Eu. eudrilus, M. californica and F.unicus.  Casts of P. elongata had noticably lower nutrients for the clay soil where population biomass built up but, for the Samford sand, N was slightly higher.  The E. saltensis casts, for  both


 soils, were higher only in NO3-N.  Casts in the clay tended to contain lower amounts of available cations (Na, Mn and Cu) whereas casts in the sand had higher levels of these plus calcium.  Zinc was a highly variable element.  

Table 4.3.22   Chemical composition factors of bulked surface casts of vertisol (Narayen) soil cores and comparison with  topsoil of control cores expressed as a ratio (1:1) of concentrations treatment:control. 
​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________________________________________  
  

D. affinis/ Pont.   P.        Eudrilus  A. trap.  M. cal.   F.        E.         CTRL



saliens     coreth. elongata  eugeniae                      unicus    saltensis  

Factor
cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1   topsoil

________________________________________________________________________________________________

 pH 

7.0  1.0  7.2  1.0  7.4  1.1  7.0  1.0  7.0  1.0  7.0  1.0  6.9  1.0  6.8  1.0   7.0

 EC   
.147 1.3  .114 1.0  .082 0.7  .176 1.5  .157 1.4  .196 1.7  .212 1.8  .241 2.1   .116 

 Cl 

19   1.0  16   0.8  13   0.7  29   1.5  16   0.8  17   0.9  21   1.1  23   1.2   19 

 NO3-N   
28   1.2  16   0.7  10   0.4  44   1.9  31   1.3  55   2.4  58   2.5  82   3.6   23 

 P_Bic 
228  1.1  211  1.0  89   0.4  209  1.0  239  1.2  216  1.0  306  1.5  217  1.1   206 

 SO4-S 
17   1.3  14   1.1  13   1.0  17   1.3  20   1.5  23   1.8  24   1.8  27   2.1   13 

 Ca 

24   1.0  28   1.1  24   1.0  26   1.0  26   1.0  27   1.1  24   1.0  24   1.0   25 

 Mg 
 
10   0.9  10   0.9  9.9  0.9  11   1.0  12   1.1  12   1.1  12   1.1  13   1.2   11 

 Na 
 
0.27 0.6  0.41 0.8  0.48 1.0  0.31 0.6  0.32 0.7  0.41 0.8  0.42 0.9  0.36 0.7   0.49 

 K 
 
1.9  1.1  2.1  1.2  1.5  0.8  3.4  1.9  2.4  1.3  2.3  1.3  2.2  1.2  2    1.1   1.8 

 ECEC 
36   0.9  41   1.1  36   0.9  41   1.1  41   1.1  42   1.1  39   1.0  39   1.0   38 

 Cu
 
11   0.9  10   0.8  12   1.0  9.5  0.8  11   0.9  11   0.9  10   0.8  i/s  0.0   12 

 Zn
 
44   2.3  19   1.0  11   0.6  37   1.9  23   1.2  22   1.2  29   1.5  i/s  0.0   19 

 Mn
 
71   0.7  75   0.8  74   0.7  77   0.8  82   0.8  97   1.0  94   0.9  i/s  0.0   99 

 C
 
5.8  1.2  5.2  1.1  3.6  0.8  5.0  1.0  5.2  1.1  5.0  1.0  5.6  1.2  5.2  1.1   4.8 

 N
 
0.45 1.3  0.4  1.1  0.3  0.9  0.4  1.1  0.45 1.3  0.4  1.1  0.45 1.3  0.45 1.3   0.35 

MEAN RATIO
1.1       1.0       0.8       1.2       1.1       1.2       1.3       1.1   

________________________________________________________________________________________________

i/s = insufficent sample

Table 4.3.23   Chemical composition factors of bulked surface casts of podzol (Samford) soil cores and comparison with  topsoil of control cores expressed as a ratio (1:1) of concentrations treatment:control. 
​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​_________________________________________________________________________________________

       
D.affinis/  Pont.   P.        Eudrilus  A. trap.  M. cal.   E.         CTRL



saliens    coreth.  elongata  eugeniae                      saltensis  

Factor
cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1  cast 1:1   topsoil

_________________________________________________________________________________________

 pH
 
6.15 1.0  6.2  1.0  6.2  1.0  6.2  1.0  6.3  1.0  6.2  1.0  6.2  1.0   6.2 

 EC
 
.043 0.8  .060 1.2  .045 0.9  .031 0.6  .091 1.8  .063 1.2  .064 1.3   .051 

 Cl
 
18   1.3  17   1.2  13   0.9  12   0.9  32   2.3  20   1.4  13   0.9   14 

 NO3-N
4    0.3  5    0.4  2    0.2  3    0.3  3    0.3  3    0.3  19   1.6   12 

 P_Bic
29   1.1  32   1.2  24   0.9  21   0.8  31   1.2  24   0.9  27   1.0   26 

 SO4‑S 
7    0.8  11   1.2  10   1.1  6    0.7  16   1.8  13   1.4  8    0.9   9 

 Ca
 
3.1  1.2  3.1  1.2  2.3  0.9  2.2  0.8  3    1.2  2.6  1.0  2.8  1.1   2.6 

 Mg
 
1.2  1.2  1.3  1.3  1.0  1.0  0.76 0.8  1.5  1.5  1.1  1.1  1.2  1.2   0.98 

 Na
 
0.05 1.0  0.08 1.6  0.08 1.6  0.05 1.0  0.13 2.6  0.08 1.6  0.04 0.8   0.05 

 K
 
0.26 1.4  0.23 1.2  0.27 1.4  0.13 0.7  0.47 2.5  0.25 1.3  0.18 0.9   0.19 

 ECEC  
4.5  1.1  5    1.3  4    1.0  3    0.8  5    1.3  4    1.0  4    1.0   4 

 Cu    
0.5  0.8  0.5  0.8  0.5  0.8  0.5  0.8  0.5  0.8  0.5  0.8  0.6  1.0   0.6 

 Zn 
 
8.3  1.2  10   1.4  8.8  1.2  5.9  0.8  20   2.8  11   1.5  6.4  0.9   7.2 

 Mn 
 
30   0.9  25   0.7  39   1.1  35   1.0  32   0.9  36   1.0  42   1.2   35 

 C 
 
2.3  1.6  2.3  1.6  1.2  0.9  1.2  0.9  1.7  1.2  1.5  1.1  1.6  1.1   1.4 

 N 
 
0.14 2.0  0.1  1.4  0.09 1.3  0.07 1.0  0.1  1.4  0.09 1.3  0.09 1.3   0.07  

MEAN RATIO     1.1       1.2       1.0       0.8       1.5       1.1       1.1   

_________________________________________________________________________________________

Conclusions and Discussion

Yields of oats and grass test crops varied, by between -61% to +83% relative to controls, when grown in the presence of different earthworms.  Actual variations depended on the soil-species combinations.  Changes were also found in plant N, P and K yields and in heights and tillering of plants, soil bulk density and infiltration rates.  Not all species produced detectable differences and in some cores yields were decreased.   Reasons for the observed differences are assumed to be due in part to the activity of the particular earthworms and to their rates of growth and survival.  For most trials, an increase in earthworm numbers and biomass were observed at termination, some by a factor of ten.  Decreases in numbers were found for a few of the species which may be accounted for by unsuitable environmental conditions (soil type, insufficient nutrients, temperatures and moisture fluctuations) causing mortality and migrations.  Of particular interest are the chemical analyses of cast materials, which were enriched at rates lower than other studies have suggested.  It is concluded that surface casts are of less significance to plant yields than are sub-surface nutrient cycling and improvements in soil structure and water relationships.   


There are few previous studies of the effects of earthworm on tropical soils (Lee, 1985; Lavelle, 1988).  Contemporaneously and independently, Spain et al. (1992) have studied five species in Africa, only one of which (Pontoscolex corethrurus), corresponds with those considered here.  They obtained several significantly increased responses such as Millsonia anomala increasing the yields of Panicum maximum by three times.  However in their study, as in many similar and separate experiments conducted in temperate regions, there was great variation in response.  Reasons for this variability are related to interactions between species/soils/plant growth intervals/methods and interpretation.  No previous study has simultaneously compared as many different species and soil types as have been attempted here.  Considering the great response variations, it is easy to see how if any one part of the study were considered separately, for example only one of the dozen species in only one of the soils, then the conclusions drawn would be very different.  The inference is that wide statements and generalisations are not appropriate as earthworm pot trial responses are highly case specific.


The Narayen brigalow vertisol clay had higher plant yields overall.  Some treatments raised the level of fertility giving greater yields of plant matter and plant nutrients by about 25-35%.  Highest mean increase in total plant dry matter yield over the six month period (of about 32% over total yield of the controls of 63.0 g per core) were equivalent to yield increases of about 460 g m-2.  This soil also supported greatly increase earthworm populations: the highest carrying capacity, for Polypheretima elongata, was equivalent to a biomass of about 300 g m-2.  Not all species survived as well in this soil, neither were all plant responses positive.  Greatest yield depression was associated with the P. elongata populations mentioned above.  The Kingaroy kraznozem, while almost as fertile a clay as the Narayen soil, showed poor responses to earthworm treatments.  This was probably mainly due to this soil being an uncultivated soil (see Coughlan et al., 1991) that had, unlike the other two soils, supported an abundant fauna (several earthworms, including Aporrectodea trapezoides, were observed during collection of these cores) and thus it derived less benefit from earthworm activity during the experiment.  It was noted that, even after heat sterilisation, worm casts already on the surface of this soil remained intact.  Relative responses were also compounded by the colonisation of the control cores by wandering earthworms during the course of the trial and also the lower number of replications.  These migrations of worms reduced biomass recovery in several Kingaroy treatments.  The Samford podzol was a relatively infertile sand (see Jones et al., 1991), nevertheless it supported earthworm populations in these trials almost as high as the Narayen soils (except for Polypheretima elongata and P. taprobanae, both geophages, whose biometry were lowered).


In general, the responses of the oats crop were less marked that those of the grasses.  Probably an initial period was required for stabilisation of effects in the soil.  Physiological responses of the plants, at various stages of growth, were manifest in changes in heights, tillering and root production.  These results tended to agree with those of Edwards and Lofty (1978, 1980) for barley when earthworms were added.  Germination rates appeared to differ between treatments but consideration of this aspect was negated by the thinning of the test plants to equal numbers in each core.   The nutrient dynamics of oats, a winter forage crop, were probably different to those of Panicum maximum, a tropical C4 grass (see Bushby et al., 1992). 


Analysis of the soils showed that much of the soil in these restricted mesocosms, especially for Polypheretima elongata, may have been processed by the worms.   The findings for Eudrilus eugeniae support the estimates of Cook et al. (1980) of a high casting rate for this species (up to 2.43 g soil per g fresh weight worm per day).  In the Kingaroy control cores the casts may be imputed to the activities of Eu. eugeniae and F. unicus interlopers.  Casts were enriched in plant nutrients, especially N03-N for the Narayen soil but not the for Samford soil.  The NO3-N form of N is greatly influenced by microbial activity.  In the sand cast material, the mechanism of the apparent depletion of NO3-N is unknown, perhaps the earthworms were assimilating this form of N which appeared more limited than in the clay.  Considering all mean ratios, the relative chemical composition differences between casts and topsoil were moderate, this may be partly due to cast aging and purity.  


The anomalous and detrimental responses to Polypheretima elongata treatments in the clay soil give insight into the processes.  With this species in the Narayen soil, plant yields (after the initial harvest) were significantly depressed as was root growth.  Soil compaction, through burrowing and casting activities increased soil bulk density, while creation of drainage channels raised infiltration (and leaching) rates.  Profuse casting deposited soil material on the surface that was depleted in nutrients, especially N and P.  At the same time, worm biomass increased substantially.  These processes suggest that the worms were directly and indirectly competing with the plants for nutrients.  This conclusion is supported by calculation of the mean total N and P deficits for the Narayen soil, compared to topsoil, of the P. elongata cast material (of mean mass 250 g with N and P lowered by about 14% and 57%, respectively), which gave total reductions of 125 mg N and 30 mg P per core.  The P. elongata biomass total N and P contents realised (estimated in a separate study to be 9.05% N and 0.64% P of gut-soil evacuated, dry biomass) for a mean biomass of P. elongata recovered of 13.7 g, were 380 mg and 27 mg, respectively.  Thus the N and P deficits of the cast material were solely accounted for by maintenance of worm biomass.  These estimates did not consider the continuous mineralisation and depletion of nutrients (by below-ground casting or leaching) nor earthworm energy and excretion expenditures.  The greater proportion of P depletion in the casts suggested that this nutrient was a requirement for worm development in these restricted mesocosms (that the Narayen soil was, on average, 7 times higher in total P than the Samford soil may explain why P. elongata thrived in this clay).  It was noted that the plants in the P. elongata cores were particularly green (i.e. high N) despite having lower N yields compared to the controls.  This supports the argument that factors other than N were limiting plant growth.  Perhaps availability of P was the most limiting factor for the plants.  


It is probable that most of the beneficial activities of worms could be attributed to poorer nutrient conservation and to soil structural processes opposite to those of P. elongata in the clay.  For example, the activities of Dichogaster spp. (in other than the Kingaroy cores) stimulated  plant yields and plant N (and P in the Narayen soil), even though its biomass also increased.  In instances where worm biomass declined (through other than migration), the addition of 4 g of dead worm material to control cores, giving a single infusion of up to 120 mg N (assuming a worm N content of 3%), would have compensated for supply of nutrients from mortality as a significant factor in increasing plant yields (this aspect was investigated in subsequent trials).  For Eudrilus eugeniae in the clay soils, significant yield responses excluded plant P and, as for P. elongata in the Samford soil, the casts were enriched in N but not P.  This suggested that this worm stimulated availability of N but depleted P for which it had a high requirement.  Other species in the Narayen clay, Aporrectodea trapezoides, Metaphire californica and Fletcherodrilus unicus, tended to stimulate P yields in the plants rather than N.


In this study, Aporrectodea trapezoides (and its closely related congener, A. caliginosa both of which have formed the subjects of many previous studies), were not the most effective agents of stimulation of plant yields.  Other species, such as Dichogaster affinis/saliens, Eudrilus eugeniae and in certain circumstances Pontoscolex corethrurus, Metaphire californica,  Fletcherodrilus unicus and Polypheretima taprobanae were equally, or more effective in terms of reproduction and response.  Other species, such as Eukerria saltensis, Spenceriella minor, Digaster brunneus (which did not survive) were less effective and may be categorised as benign. 


In summary, species which, through their availability, survival and demonstrated benefit to soils and plant growth, have identified themselves as of potential for study under field condition were: 

•
Dichogaster affinis/D. saliens, these two small exotic species are very similar and the exact ratios introduced in  the Samford soil were uncertain.   However, both appear to have high fecundity, and produced substantial positive influence on plant yields.  Mass migration was observed when conditions were humid.

•
Pontoscolex corethrurus, a pan-tropical peregrine,  generally survived well and had moderate effects on plant growth (confirming earlier studies). 

•
Eudrilus eugeniae, originally from African savannas but also bred in wormfarms around the world (and therefore readily available) survived well and had positive effects.  Its propensity for migration, a nuisance in the glasshouse, would be a desirable trait for colonisation, however, some assessment of its ability to spread and compete with native soil fauna needs to be addressed. 

• Aporrectodea trapezoides is a candidate for field introductions since it demonstrated good survival and plant responses, also by virtue of numerous previous reports. (The anomalous low reproduction in one Narayen core may have been due to obligatory aestivation for its A. caliginosa component).

• Polypheretima taprobanae and Metaphire californica, both exotic species, had reasonable results. 

• Fletcherodrilus unicus, a native, appeared to have many interesting attributes and would be a good contender for further study.  Its inclusion in field trials must however be questioned as, despite its obvious ability to migrate, it is not generally known to colonise cultivated soils.


Those species with only marginal or doubtful benefit were: 

• Eukerria saltensis, a small ubiquitous exotic, displayed only moderately beneficial attributes (cf. Blackwell & Blackwell, 1989).  (High reproduction on only one Narayen core may have been due to presence of parthenogenic morphs). 

• Spenceriella minor and Digaster brunneus are both native species which did not prove beneficial in this study. In particular, the specific requirements for the moderately large D. brunneus were clearly not met in this study.  However, at QDPI Brian Pastures Research Station both these species are frequently found in improved pastures (survey observations and D. Orr pers. comm.).  It is of note that S. minor was a species supposedly taken to Scotland in a soil amelioration project (Sims & Gerard, 1985).  

• Polypheretima elongata, an exotic with restricted Australian distribution that is common under QDPI zero-till trials at Biloela (survey results and L. Robertson pers. comm.), presented a problem in the clay soil of the current study.  It was therefore considered unsuitable for immediate use in field trials without further investigation (see later studies at Biloela).


Based largely on this series of trials (and on other survey and experimental data), it was possible to recommend suitable species and probable outcomes for field trials at four sites.  Narayen and Samford field trials were addressed in a succeeding section, Kingaroy and Biloela experiments were the subjects of separate studies (QDPI officers G. Harch and B.J.  Radford, pers. comm.). 

Plate 4.3.1 Glasshouse experiment: typical layout

Plate 4.4.2 Glasshouse trial example result



4.4 CONTROL CORES
Introduction

In comparative plant yield investigations, where relative growth effects are compared with untreated controls, the response of the control units assumes crucial importance.  In this trial several aspects were investigated simultaneously. One aim was to determine the effects on plant yields of adding dead earthworms which are high in nutrients.   Release of these nutrients through mortality in pot trials is believed to be reason for enhanced plant growth.  Another aspect investigated was the effect on plant growth of heat sterilising of soil.  Microbes are the largest biotic components of most soil systems, sterilising of soil, either chemically or physically, causes temporary mortality of the soil microbes and release of nutrients from bodies (Bottner, 1985) which also acts as a fertilizer.   Finally, two more earthworm species:  Perionyx excavatus and Amynthas rodericensis were tested for their survival and plant enhancement characteristics.  They were compared with Eudrilus eugeniae, a species known to readily escape from soil cores. In an attempt to prevent such escape, nylon mesh barriers at the base and top edge of cores were used.

Materials and Methods

Twelve intact cores (23 diameter by 25 cm depth) were collected on 30th September, 1991 from the same site at Samford as the main cores i.e. a heavily grazed pasture on a red and yellow earth podzolic.  Cores were put into a dehydrator oven set at 60C for one week.  Two cores were treated differently by being air dried for 10 days.  The weights of these dehydrated cores, including base trays, were measured and water added to give a "desired gross weight" equivalent to 18% soil moisture.   A second set of four clay soils from Narayen, used in earlier trials and found to be free of earthworms, were reconstituted with the original stratigraphy and compressed by foot.  These were similarly heated in an oven for a week before being made up to weight with water to give a 25% soil moisture content.  


All cores were left in the glasshouse for a week for soil moisture to stabilise.  Each was then eased into a nylon mesh stocking that sealed the base when the core rested on its tray and that encompassed the soil core tube to overlap at the top by two or three centimetres.  Oats seedlings were planted (later thinned to 12 seedlings per pot) and the earthworm treatments allocated, in random order, on 17th October, 1991 (Table 4.4.1).  The dead earthworm treatments used 10 Eisenia fetida which had been killed in heated water, plus dried earthworms were used to make the total mass up to 4.0 g.  Live worm numbers were selected to give equivalent biomass between treatments.  Mature worms were used and most specimens had been obtained from a commercial worm farm in Brisbane although specimens of Amynthas rodericensis, which were added a week later, were collected from Samford.   Consistent soil moisture was maintained throughout by adding water at intervals of two or three days and by checking the desired weight for each core weekly.  Harvests of oats (at 3cm) were at six weeks and 12 weeks and earthworm activity was monitored throughout.  Cores were dismantled after the final harvest in January 1992 and worms recovered.  At termination, the conditions of the soil cores were described and soil moisture samples taken, but no further soil characteristics were measured.

Results

Although run concurrently, three separate investigations were made in this experiment and two separate sets of analyses were performed.  First, to analyse the effects on plant yield of adding dead earthworms to both sand and clay sterilised soils.  Second, to assess responses to inoculation with various species of earthworm compared to heat sterilised soil and to compare these sterilised control cores with unsterilised and uninoculated cores.  Certain of these latter cores were common to all three sets of analysis.
Table 4.4.1 Oven sterilisation treatments applied and earthworms added to soil cores.
___________________________________________________________

Core codes     Treatment 

    Earthworm biometry








    ____________________

                                       No. Mean Biomass (g)

___________________________________________________________

Sand

27 and 28

Dead earthworms 

10

4.0


29 and 30 
Nil (sterilised only)
 0
 
 0


31 and 36

Perionyx excavatus

 4

1.3


32 and 35

Eudrilus eugeniae

 4

4.0


33 and 34

Amynthas rodericensis
 4

4.5


37 and 38

Nil (not sterilised)
 0

 0


Clay 

31 and 32

Dead earthworms 

10

4.0


33 and 34

Nil (sterilised only)
 0
 
 0


___________________________________________________________


For the dead earthworm treatment effects, two-way randomised complete block design ANOVA tests were performed.  Yields were expected to be higher in the clay soils so treatments were allocated randomly to sand cores and clay cores, essentially in a blocked design.  Indeed, treatment effects appeared proportional with absolute clay soils yields about double those of the sand.  This situation threatens the additivity assumption for ANOVA tests, thus the data were transformed (to log(x+1)) in the analyses.   A summary of the initial ANOVA F-ratio tests, which were performed separately for each of the two harvest dates, is presented in Table 4.4.2.


As was anticipated, highly significant differences in yields were obtained between the two soils (factor B).  Irrespective of soil type, the "dead worms" (factor A) responses differed and plant N and P were significant (p < 0.05 *) at week  6 but only N (p  <  0.01 **) at  week 12.   No significant response to the  

Table 4.4.2 Summary of two way ANOVA F-ratio analyses on treatment effects at two levels of two factors, each with two replications (DM = plant dry matter; N = nitrogen; P = phosphorus).
​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​______________________________________________________





Probability of > F for Treatments





__________________________________





WEEK 6


WEEK 12





_______________
______________

Factors


DM
N
P

DM
N
P

______________________________________________________

Dead worms (A)

ns
*
*

ns
**
ns

Soil (B)


***
***
**

***
***
**

(A X B)


ns
ns
*

*
**
*

______________________________________________________

dead earthworm treatment were detected overall.  Interaction variations (A X B) suggest variable responses, thus particular comparisons between treatments are examined.  Table 4.4.3 presents mean response yields for comparison which, for convenience, have the standard errors of differences between means back-transformed from the ANOVA tests.


The fertile clay, at either level of dead earthworm treatment, had substantially higher yields at both harvest dates when compared to the sand yields.  Absolute mean yields were approximately doubled in the clay and, for both soils, doubled again in the second harvest.  Relative responses were similar between harvests.   In the sand, slightly higher dry matter and P yields were obtained in '+ dead earthworms' treatments, N yields were slightly lower.  Responses in the clay soil were more marked but showed an opposite pattern compared to the sand: 'no earthworm' treatment yields were all higher.  This inconsistency in response between the clay and sand soil may partly account for the failure to detect overall significant differences in plant dry matter yields.  The interactions between soil type and earthworm treatment were not investigated further.


In the second series of analyses, the uninoculated sand core yields from above were considered as controls for comparison of earthworm species effects.   Data was not transformed in these tests.  The yield responses for oats dry matter, total plant N and total plant P, at harvest 6 are shown in Table 4.4.4 and at harvest 12 in Table 4.4.5.

Table 4.4.3 Comparison of mean treatment yields (DM = dry matter; N and P are plant N and P) and standard errors of their differences, back-transformed from log(x+1) ANOVA analyses (n = 2).
______________________________________________________________________

Treatment



Mean Treatment Effect Yields (g)





       _____________________________________






WEEK 6


WEEK 12



                       ______________________________________






DM
N
P
DM
N
P

______________________________________________________________________

Sand + dead earthworms

 5.83
0.14
0.017
11.48
0.26
0.034

Sand no earthworms

 5.74
0.15
0.016 
10.78
0.27
0.031

Clay + dead earthworms

10.03
0.37
0.022
21.40
0.79
0.046

Clay no earthworms

11.46
0.46
0.029
26.41
1.06
0.066

s.e. of difference

between two treatment

means  (n=2, 3 d.f.)   

 0.049
0.013
0.0010 0.037
0.009
0.0040

______________________________________________________________________

Table 4.4.4 Oats dry matter (DM), total N and total P mean yields at 6 week harvest, relative treatment effects (% of control) and ANOVA summary (Sig).

_____________________________________________________________________



Yields (g) at 6 week harvest and s.e. of differences 

 



   

_____________________________________________



DM


N


P

______________________________________________________________________

Core Code
Mean
%Ctrl
Sig.
Mean
%Ctrl  Sig. 
Mean
%Ctrl
Sig.

______________________________________________________________________

Control
5.74
  0 

0.15
   0
    
0.016
   0 



P. ex.

4.37   ‑24.0    ns
0.11
‑26.7
ns      0.013
‑18.8
ns


Eu. eu
5.21    ‑9.4    ns
0.14 
 -6.7
ns      0.018 
 12.5 
ns


A. rod

5.38    ‑6.4    ns
0.14 
 -6.7
ns      0.017
  6.3 
ns


Air-dried
0.75   ‑87.0    *  
0.01
‑93.3
*       0.004
-75.0
*


lsd (4 df)
2.315


0.108
            
0.0081

______________________________________________________________________


No significant difference was detected between any of the oven-dried sand treatments in response to addition of earthworms, although the relative plant yields were slightly lower than the uninoculated control.  However, all yields were substantially greater than the yields of the air-dried cores, by about seven times at first harvest.  By the second harvest at twelve weeks, this growth reduction was not as pronounced, the actual incremental plant yield in the air-dried cores approached that of the other cores.  Thus, heating in the oven causes a substantial initial flush of plant growth, which persist for about three months.

Table 4.4.5 Oats dry matter (DM), total N and total P mean yields at 12 week harvest, relative treatment effects (% of control) and ANOVA (Sig.) summary (with standard errors for comparing means; n=2))
_____________________________________________________________




Yields (g) at 12 week harvest and s.e. of differences

 


_____________________________________________




DM



N


  P

______________________________________________________________________

Core Code
Mean %Ctrl Sig. 
   Mean    %Ctrl  Sig. 
  Mean %Ctrl  Sig.

______________________________________________________________________

Control
10.78    0

   0.28     0  

0.031    0 

P. ex

10.65  ‑1.2 ns
   0.28     0  ns 
0.031    0   ns

Eu. eu
10.29  ‑4.6 ns
   0.27   -1.8 ns
0.035  12.9  ns

A. rod

10.25  ‑4.9 ns
   0.27   -3.6 ns 
0.032   3.2  ns

Air dried
 6.72 ‑37.7 ns
   0.11  ‑59.3 ns  
0.031    0   ns

lsd (4 df) 
5.020


   0.203

 0.021

______________________________________________________________

Plant N yields corresponded with the dry matter yields while the plant P yields were more variable.  Of note is that the air-dried sandy soils showed significant reduction in plant N and P compared to the oven-dried soils after 6 weeks but not after 12 weeks, this indicated that, in relative terms, the N and P yields of the air-dried soils were actually increased relative to the other cores in the intervening period.  


Sample mean moisture values of the sand soil at dismantling (actual gross weights adjusted to the desired weights imposed) were, for the oven-dried sandy soils (cores 27-36) and the air-dried cores (37 and 38), 21.0% and 22.0%, respectively.  The adjusted mean for all clay soils was 28.0%.


Some observations during the trial were: 


•  5/11/91 found a Eudrilus eugeniae in the base tray of core 32, returned it to surface.


•  18/11/91 found a Eudrilus eugeniae in tray of core 35 and returned it to surface.


•  15/11/91: pellet-like casts seen on surface of core 29 (an untreated control), the immigrant Eudrilus eugeniae worm responsible was captured in the tray and returned to core 35, which was nearest. 


•  28/11/91 found an immigrant Amynthas rodericensis in tray of 35 (an Eudrilus eugeniae treatment), removed it to core 34, the nearest A. rodericensis core.  This specimen was observed with its head probing and overhanging the base tray by about 5 cm. 


Thus some earthworms escaped, despite the nylon mesh, the initial confidence in this barrier which allowed closer spacing of the cores, possibly contributed to cross-migrations.  Gaps between the base trays of greater than 5 cm were traversed.  On inspection, holes were found where worms had forced passage through the nylon mesh hosiery, particularly at the bases.  Earthworms recovered and their locations are shown in Table 4.4.6.


Observations on condition of soils at dismantling were:

   
•
Cores 32 and 35 (Eudrilus eugeniae) had cylindrical pellets cast on the surface, in the base trays and, particularly, along the inside edges of the tubes for their whole lengths.  No burrows passed through the main soil core.

  
•
Core 33 and 34 (Amynthas rodericensis) had large globular surface casts, up to 2 cm wide, especially around the sides and, in the lower half of the soil matrix, large lateral burrows were noted.
Table 4.4.6 Earthworms retrieved after four months and the ratio against earthworms added and notes on surface casting in the cores. 
___________________________________________________________






Surface
  Retrieved  
Ratio






CASTS
___________ added:

Core
treatment




No.    Biomass  retvd.

___________________________________________________________

sand

27
Dead earthworms 

none

0
0
 10:0

28
Dead earthworms 

few pellets
0
0
 10:0

29
Nil (sterilised only

many pellets
0
0A
  0:0

30
Nil (sterilised only)

none

0
0
  0:0

31
Perionyx excavatus

fine casts
2
0.4
  4:2

36
Perionyx excavatus

some pellets
1
1.2A
  4:0

32
Eudrilus eugeniae

many pellets
1
0.5
  4:1

35
Eudrilus eugeniae

few pellets
1
0.6
  4:1

33
Amynthas rodericensis
globular casts 1
1.9
  4:1

34
Amynthas rodericensis
globular casts 2
2.8
  4:2

37
Nil (not sterilised)

fine pellets
26
2.5B
  0:26

38
Nil (not sterilised)

fine pellets
17
1.7B
  0:17

clay

31
Dead earthworms 

none

0
0
  0:0

32
Dead earthworms 

none

0
0
  0:0

33
Nil (sterilised only)

none

0
0
  0:0

34
Nil (sterilised only)

none

0
0
  0:0

______________________________________________________________

A Eudrilus eugeniae contamination

B Two species were identified: Dichogaster saliens and unknown immature specimens, possibly Spenceriella sp.

Summary of earthworm recovery:


•
Of 8 mature Perionyx excavatus (mean mass 0.33 g per worm) added, two matures which had regressed to sub-adult stage, were recovered (mean mass per worm 0.20 g).


•
Of 8 mature Eudrilus eugeniae added (mean mass 1.0 g per worm), three were recovered (mean mass 0.77 g per worm), one from a core to which it was foreign (core 36).  Distinctive Eudrilus eugeniae pellet-like casts were noted for several cores, including control cores 28 and 29.  On 3rd March 1992, 3 Eudrilus eugeniae sub-adults were found in a bag of bulked soil from the dismantled sand control cores suggesting that these worms or their cocoons had been missed in initial hand-sorting of the soils.


•
Of 8 mature Amynthas rodericensis added (mean mass 1.13 g per worm), three matures were recovered (mean mass 1.57 g per worm) but no cocoons nor immatures were found.


•
The two unsterilised cores, yielded 43 immature Dichogaster saliens and possibly Spenceriella sp. worms with mean mass of 0.1 g per worm.


These cross-migrations of the worms have implications for interpretation of the harvest yields.  

Conclusions and Discussion

Adding small amounts of dead earthworm material to infertile sand soils did not result in determinable increased yields of oats over the experimental period.  In the clay soil, dead earthworms  also failed to demonstrate increased yield (as would be expected in these fertile soils where nutrients are not limiting), rather the reverse occurred and the untreated cores had slightly higher yields.   This is attributed to natural variability in reconstituted soil cores far exceeding dead earthworm treatment effects at this level of application and replication.   Re-mixing of the clay soil when moist was difficult as it formed lumps.  Perhaps methods such as that of Didden et al. (1991) are required to construct artificial cores with reproducible structure.


It was concluded that the addition of small quantities of dead earthworm material to control cores is not necessary as the contribution to fertility is minimal.  This is especially so when changes in numbers and biomass are accounted for by sampling earthworms (in treatments and controls) at termination.  However, it is noted that earthworm recovery does not monitor losses through migration.  Means of isolation of soil cores to prevention of migration are required. 


In this experiment, nylon mesh was not an efficient  barrier.  Perhaps tougher material is required or other methods such as gluing sand to the insides of the tubes (as did Kretzschmar, 1991).


No substantial increases in yields were detected over the trial period due to earthworm inoculation, this is probably because cross-migrations from inoculated cores to control cores lessened treatment responses.   A notable finding was that heating in the oven greatly stimulated plant growth.  This was attributed to a nutrient flush (from microbe mortality) but the effect appeared short lived (about 3 - 4 months).  The necessity to sterilise test soils was reconfirmed by the build up of residual populations (of Spenceriella sp.) in unsterilised soils.   These soils, although dry when collected and devoid of an obvious fauna, contained cocoons which hatched under the favourable conditions in the glasshouse.  Development of this population may have contributed to the dramatic rate of increase in yields from these cores which approached that of the heat-treated cores after a few months.   


With the above considerations, species responses noted during the trial were, that adding Eudrilus eugeniae resulted in only slight increased plant yield (except possibly for plant P).  Wandering by this species may also have contributed to increasing control yields thereby relatively diminishing possible treatment responses.   These results are consistent with earlier trials where Eudrilus eugeniae wandered and had only moderate influence on yields in a sand soil.   Recovery of Perionyx excavatus was not high, possibly most died or migrated as this species may also be a wanderer.  The test soil did not have organic matter supplements on which Perionyx excavatus is known to thrive (Reinecke et al., 1992).  Amynthas rodericensis appeared not to increase yields substantially but its survival was good.  It too may have wandered from the infertile sandy soils.


These three test species have in common the ability to thrive in rich organic supplements.  Amynthas rodericensis was collected from alluvial soils rich in organic matter, it has opportunistically colonised Australia (as elsewhere) following chance introduction from  south-east Asia.  The other two species are also free-living in their places of origin: Eudrilus eugeniae under savanna soils of west Africa and Perionyx excavatus in the Himalayan regions (Gates, 1972) as well as being bred commercially in worm farms (eg Reinecke et al., 1992).  

4.5 BILOELA GLASSHOUSE TRIALS 
Introduction

Polypheretima elongata from Biloela had produced anomalous results in earlier glasshouse trials, in particular it had significantly reduced plant yields in clay soils.  Some earlier reports had also intimated that this species may be deleterious in certain soils (e.g. Puttarudriah & Sastry, 1961 (although Pontoscolex corethrurus was implicated more in their observations); Stephenson, 1930).  Other reports have this species as beneficial (e.g. Lavelle unpublished data; Smetacek, 1991).  Moreover, this species was located in experimental field sites at Biloela without harmful effects being noted (B.J. Radford pers. comm.).  Because of the uncertain status of this worm and the potential risk in releasing it in the field, it was excluded from field trials.  However the negative glasshouse results may have been an aberration of the methodology and due to excessive drainage through burrows in cores only 30 cm deep.  The aims of the current trial were to test the effects of P. elongata in a clay soil from Biloela and to test plant responses and soil characteristics when the depth of soil in pots was increased so that drainage effects were negated.  Other species from the Biloela site were trialled at the same time for comparison.  A final aim was to initiate a pilot study on the potential for earthworms to act as agents in the restoration of compacted soils.

Materials and Methods

Following an earthworm survey of "Hansen's" field site at DPI Biloela, the alluvial clay loam soil, classified as black earth (Ug 5.15 Northcote, 1979) of Tognalini soil profile class (B. Powell pers. comm.), was collected from 0 - 30 cm depth in 10 cm layers.  The soil was hand-sorted and resident earthworms removed.  The specific points of collection near the centre of the field were chosen for their low incidence of earthworms.  Soil from greater than 30 cm depth was also collected adjacent to the main site.  This main site had not been cultivated following a sorghum crop, unlike the surrounding soil, but had been sprayed with glyphosate herbicide ("Round-up").  The soil samples, moist from recent rain, were transported to a nearby glasshouse and their natural stratigraphy reconstituted in PVC tubes of 23.3 cm diameter.  Eight tubes were 33 cm deep whereas four tubes were constructed to give deeper cores by taping together two ordinary tubes.  Equal amounts of soil were used for the layers of each tube and each layer was compacted by pressure of foot to about the same density.  Soil surfaces were made flat and level.  The soil in the deep cores was similarly compacted. 


The following day, on 20th March 1992, about 15 sorghum (Sorghum bicolor) seeds (free from anti-fungal dressing) were planted in each core.  A litre of water was added and, mainly mature, earthworms that had been collected from Biloela were introduced as shown in Table 4.5.1.  Polypheretima elongta was present in the "B5" zero-tillage site, but not at "Hansen's", which was barely 500 m away on the other side of a road.

Table 4.5.1 Earthworm treatments applied to cores on 20/MARCH/93.
___________________________________________________________

Tube Code

Earthworm Spp  No.

Mass g.

___________________________________________________________

A. Long cores (60 cm deep)

LPelong1 

P. elongata
4 

12.9

LPelong2 

P. elongata
4 

14.9

LCtrl1

none added
0

  0

LCtrl2

none added
0

  0

B. Short cores (30cm)

SPelong1

P. elongata
4 

12.2

SPelong2

P. elongata
4 

11.4

SSpp1

Small sppA
30

approx. 1.0

SSpp2

Small sppA
30

approx. 1.0

SPont

P. corethrurus
10

13.3

SAtrap

A. trapezoides
10B

11.2B
SCtrl1

none added
0

  0

SCtrl2

none added
0

  0

___________________________________________________________

ASmall species were Ocnerodrilus occidentalis, Gordiodrilus elegans and Dichogaster bolaui in an approximate ratio of 9:4:1.  B 4 mature worms of mass 3.1 g were added 20/3/92, six other worms (about 8 g) being survivors from two batches sent from Brisbane in 20-30th April 1992 were added after these dates.


The cores were maintained in a glasshouse at DPI Biloela (courtesy of B.J. Radford) under automatic irrigation that supplied the same amount of tapwater to each core.   After 21 weeks the sorghum plants, which had been thinned to five per pot, were harvested at their bases.    Plant material was dried at 60C, weighed and the grain taken for N and P analysis.   Soil cores were described and dismantled.  Some soil surfaces were uneven and pitted and the average heights from the soil surface to the rim of the tubes were compared with those measured at inception.  Each tube was weighed and had the soil column extruded to the lowest point on the surface using a special threaded press.  The drier, cracked topsoil and/or worm cast surface material was sliced off to give a level for calculation of the height of soil column remaining.  Extruded soil and tubes were weighed.  The long tubes were separated into upper and lower sections.  Samples of subsoil and topsoil/cast material from each core were air-dried for chemical analysis (courtesy of QDPI Agricultural Chemistry Branch).


Earthworms were retrieved by hand sorting and the sorted soil was subsampled for moisture content analysis (% oven dry at 105C).  From the soil volume, net weight of 'wet' soil (excluding topsoil) and moisture content, the bulk densities (for dry soil) were calculated.   Earthworm tissue was analysed thus:  mature earthworms from the cores were killed by placing in an icebox for a few minutes, straightened, cut lengthways and had soil washed from their guts with demineralised water.  They were then dried in an oven at 40C before their body nutrients were determined using Kjeldahl digestion and flame emission spectroscopy (courtesy of QDPI soil chemist B. Cowie).  

Statistics

The experimental design involved two classes of treatments, a factorial design of the effect of depth of core on responses to the addition of P. elongata, and a randomised design for the relative responses to the addition of a variety of earthworm species to short cores.  Consequently, two stages of statistical analysis were anticipated to assess these two classes.  For the first stage of analysis, no a priori assumptions were made about the plant or soil responses to P. elongata.  The plant seeds were from the same batch, the soils were compacted to approximately the same initial bulk density and the P. elongata treatments were randomly allocated, thus ANOVA analyses were for a two-factor (i.e. presence of P. elongata and soil depth) completely randomised design rather than a blocked design.  The absence of replication for Pontoscolex corethrurus and Aporrectodea trapezoides were accounted for as "missing values" by the statistical program. 

Results
Plant responses 
A summary of the initial ANOVA tests for the different levels of each Polypheretima elongata treatment factor and their interactions for seven separate categories of response are in Table 4.5.2

Table 4.5.2 Summary of seven separate QUASP two-way ANOVA results for response factors to addition of Polypheretima elongata in soil cores of different depths.
___________________________________________________________





Probability of > F for Sources of Error





(Problem Parameters = 4; n = 4)





_______________________________________

Response factor

A


B 

A X B





(P. elongata)
(soil depth) interaction

___________________________________________________________

1. Plant DM

0.1670 ns

0.3317 ns

0.1749 ns

2. Plant Grain 
0.0588 ns

1.0000 ns

0.1046 ns

3. Plant Grain N
0.0228 *

1.0000 ns

1.0000 ns

4. Plant Grain P
0.2142 ns

1.0000 ns

0.1187 ns

5. Soil Moisture
1.0000 ns

1.0000 ns

0.0690 ns

6. Soil BD

0.2532 ns

0.1817 ns

0.0603 ns

7. Surface casts
0.0491 *

0.2092 ns

1.0000 ns

___________________________________________________________


These initial analyses of variances showed that significant differences were detected due to different levels of P. elongata treatment (factor A) in only two responses: grain N yield and surface casts.  No overall differences in variation were attributable to the soil depth factor (B) alone nor to interaction effects between the two factors (A X B).  Thus there was justification for ignoring depth of soil in subsequent analysis and considering the combined earthworm treatments, including the long cores treatments.  However, in order to further investigate possible differences in response between P. elongata treatment to the different levels of soil depth (as originally envisaged and as intimated in the table above), the long and short core treatment were compared with their respective controls, within the subsequent analyses.


Tables 4.5.3 and 4.5.4 present summaries of completely randomised design ANOVA results for the plant yields.

Table 4.5.3 Mean total above ground dry matter (DM) yields (±se) of sorghum compared to respective controls (%Ctrl %). 
___________________________________________________________




Plant DM Yields (g)
% Ctrl
Significance

Core code  
Mean
± s.e.

  %

by ANOVA

___________________________________________________________A. Long Cores

LPelong
 
104.1 ±28.98  

51.9

*

LCtrl
 
 68.6 ±5.52    
 0

ns1
B. Short Cores

SPelong
 
 74.8 ±4.39
   
 0.5

ns

SSpp

 
 65.8 ±0.81 
    -11.6
     ns

SPont
 
 84.78


14.0

ns

SAtrap
 
 87.62


17.8

ns

SCtrl
 
 74.4 ±4.50  
 
  0

-

lsd (6 df)
 34.69

___________________________________________________________

1 Long control cores vs. short control cores.


The sorghum yield of above ground dry matter (Table 4.5.3) and of grain (Table 4.5.4) were increased significantly (p<0.05) by P. elongata but only in the long soil cores.   The increases were approximately 52% for total plant yield and 113% for sorghum grain.  This latter increase in yield was accompanied by increases (p<0.05) in total N and P concentrations in the grain of 78.5% and 91.3% respectively (Table 4.5.4).

Table 4.5.4 Mean yields (±se) (g) of grain sorghum, grain N and grain P in soil cores compared to uninoculated cores (%Ctrl %) with summaries of ANOVA analyses (n=2). 
___________________________________________________________________

Spp

 
Grain Yield %Ctrl
Tot.N %Ctrl   
Tot.P %Ctrl

___________________________________________________________________

A. Long cores

P. elongata 

18.9±0.27 112.8 *
0.18 78.5 *   

0.043  91.3 *

Controls
   
 8.9±1.06    0  ns1 
0.10   0  ns1 

0.022    0  ns1
B. Short cores

P. elongata 

12.7±5.95   9.8 ns  
0.16 51.9 ns  
0.030  -7.2 ns

Small spp
  
13.1±1.52  13.4 ns  
0.13 23.2 ns 

0.028 -14.7 ns

P. coreth.  

17.4  -      50.6 ns  
0.17 62.0 ns  
0.036  13.0 ns

A. trap.    

23.7  -     105.6 *   
0.20 83.5 *   

0.052  61.5 ns

Controls    

11.5±0.04   0   -   
0.11   0  -   

0.032    0  -

lsd (6 d.f)  

 7.20
  

0.626


0.0201

___________________________________________________________________

1 Long control cores vs. short control cores.


The increases in plant yields were not significant for P. elongata in the short cores, rather the yields tended to be lowered, especially the mean grain yield, when compared to the other worm treatments.  Similarly the total N and P concentrations for P. elongata in the short cores were relatively low, the mean P yield was slightly less than that of the control.   For other species in the short cores, significant (p<0.05) yield effects were detected for only one species, A. trapezoides, which showed higher yield, and nitrogen concentration, of the grain.

Earthworms
Specimens retrieved from the cores after five months are shown in Table 4.5.5.

Table 4.5.5 Earthworm retrieved from cores 12-13/8/92 (top = 0-30 cm, base = 30-60 cm, m = mature, im. = immature, Tot. = total)


______________________________________________________________






Numbers retrieved
Mass retrieved






_________________
_______________






m. im. cocoon Tot.
Tot.  Ratio of 

Tube Code

Spp



 No. 
Mass    added:









(g)     retrieved

______________________________________________________________

A. Long Cores 

LPelong1 top
P. elongata
2  14  5
 



   
Small spp   
2

LPelong1 base
P. elongata 
2  6   6




Small spp   
1

38
12.66
1:0.98

LPelong2 top
P. elongata 
2  15  7




Small spp   
1

LPelong2 base
P. elongata 
2  7   6




Small spp   
2

42
11.36
1:0.76

LCtrl1 top

Small spp   
3

LCtrl1 base

Small spp   
5

 8
0.30 
-

LCtrl2 top

Small spp   
7

LCtrl2 base

Small spp   
3

10
0.30 
-

B. Short Cores

SPelong1

P. elongata 
3  7   12




Small spp   
3

25
11.0
 1:0.90

SPelong2

P. elongata 
4  9   26




Small spp   
4

43
9.91
 1:0.87

SSpp1


Small spp  
44

44
1.20
 1:1.20

SSpp2


Small spp  
18

18
0.60
 1:0.60

SPont


Pont. core. 
9  10




Small spp   
3

22
6.60
 1:0.50

SAtrap

A. trap.    
0   5
0
5
1.80
 1:0.16

SCtrl1

Small spp  
12

12
0.30
   -

SCtrl2

Small spp  
10

10
0.30
   -

_____________________________________________________________

Note:  Small spp were predominantly a mixture of Ocnerodrilus occidentalis and Gordiodrilus elegans with a lesser component of Dichogaster bolaui.


Over the five months, P. elongata had reproduced in the soil cores.   All, but one, of the original mature worms were recovered together with their progeny.  In the long cores, about equal numbers of matures and cocoons were found in the upper and lower levels for both tubes, but there were about twice the number of immatures in the top sections.  The mean reproductive rate (production of immatures and cocoons) in the long cores was 8.25 offspring per adult and, in the short cores (allowing for the single mortality), 7.5 offspring per adult.  The total biomass, however, had decreased by 1.7 g on average amongst all P. elongata treatments.  Pontoscolex corethrurus also proliferated in the soil cores and the number recovered was about twice the number added, although its biomass had fallen to about half that added.  The other species of worm suffered reductions in numbers, on average, of between a half or a third of those introduced and there was a concomitant decrease in biomass.  An average of 5.6 of the smaller species were recovered from cores other than those to which they had been deliberately added (an average of 10 small worms from all the control cores combined).  No small species were recovered from the Aporrectodea trapezoides treatment where only 5 immature or regressed matures remained. 

Earthworm tissue chemical composition
The results of the earthworm body nutrients anaylses are presented in Table 4.5.6.   The mean figures for the compositions of these tropical worms of 86% body moisture and 11% nitrogen correlate with values of 80% and 10-12% in lumbricids (Lee, 1985). 

Table 4.5.6 Earthworm nutrient contents. Biometry and tissue chemical analyses.
______________________________________________________________________

Spp


Polypheretima elongata    Pontoscolex corethrurus    Mean %

______________________________________________________________________

A. Biometry 

No. matures


 14



  9

Fresh wt. (g)


31.00 



 6.60 

Gut soil flushed (g)

20.70 



 3.60 



Oven dry 40 (g)

 4.16 



 0.49 


B. Body Composition
Soil % (fresh wt.)

33.23



45.45


39.34  Moisture % (fresh wt.)
79.90   


86.39


83.15

N % (dry wt.)

 9.05  


10.75  

 9.9   P % (dry wt.)

 0.640  


 0.490  

 0.57  K % (dry wt.)

 0.54 



 0.24 
 

 0.39

______________________________________________________________________

Soil Physics 
Soil characteristics, including those of both upper and lower sections of the long cores, are given in summary in Table 4.5.7.

Table 4.5.7 Mean effects of earthworms introduction on soil moisture contents and bulk densities and ANOVA tests (for  long cores only the upper sections were included, the lower section values are presented for comparison).
___________________________________________________________

Spp



Soil Moisture
Bulk Density
Casts/Top





Content %

(g cm-3)

soil g.

___________________________________________________________

A. Long Cores

P. elongata upper
41.0  *

1.02 nsA

1387  *

P. elongata lower
42.1


0.93

Controls
  upper
37.0  nsB

1.06 nsB

 617  nsB
Controls    lower
41.5


0.90

B. Short Cores 

P. elongata

39.1  ns

1.17  *

1491  ns

small spp*

42.9  ns

1.01  ns

1186  ns

P. corethrurus

41.1  ns

0.99  ns

 859  ns

A. trapezoides

41.8  ns

1.05  ns

1256  ns

Controls


40.8   -

1.03  -

1122  -

lsd (6 df)

 3.85

0.118

 663.8

___________________________________________________________

A no significant difference for bulk densities within long core treatments, but significant increase (p<0.05) between short versus long core P. elongata treatments.

B no significant difference between long core vs. short core controls


Soil moisture was higher in the upper sections of the long P. elongata treatment compared to the controls, explanations for this are unclear.  Significantly greater surface casts were produced by P. elongata in the long cores compared to the long core controls.  In the short cores the amount of dry and cracked topsoil removed from the controls tended to obscure possible casting effects for the earthworm treatments.  Bulk density was increased by  P. elongata in the short cores when compared to short controls and to P. elongata in the long cores, this soil compaction may have contributed to the variable plant yields from this short core treatment. 


Differences detected at time of sampling were of higher soil moisture and cast production for P. elongata in long cores and increased bulk density for P. elongata in short cores.  The low level of replication in these analyses failed to detect other measurable differences in soil physical characteristics due to earthworm activity, although trends were apparent which were corroborated by observations.  In the long P. elongata cores, the surface soils were pitted to maximum depths of 9.2 and 13.0 cm and covered with large globular casts.  Short P. elongata tubes had copious casting in the base trays, unlike in the long cores, as well as on the surface and the mean surface levels were  1.8 cm lower than they were originally.  The surfaces of the control cores were flat and at the same height as originally in the short cores although in the long cores there was settling by about 2 cm.  In the long P. elongata treatment there was a similar lowering of mean soil level, but casts in one tube reached a peak of 4.4 cm above this mean.    As for the other species, A. trapezoides and P. corethrurus 

showed a few blocky casts, while the smaller species had granular casts.  The relative soil surface levels were unchanged except for P. corethrurus which was lower by about 1 cm.


When dismantling the P. elongata long cores it was noted that the upper halves of the soil columns were completely worked by the worms.  Observations of burrows and subsurface casting in the lower halves indicated that P. elongata had occupied the whole depth of soil and had  possibly  processed  at least half the total soil volume (see Plates 4.5.1 and 4.5.2).  An estimate of the amount 

Plate 4.5.1  Biloela experiment,  short cores and  long cores  on the right with tape at half their heights. 
Plate 4.5.2  Biloela experiment, burrowing and cast activity of P. elongata.
of soil processed was obtained from the wet weight of soil in the upper sections of the two long cores (16,150 g and 16,100 g), the period of the experiment (about 147 days) and the biomass of the four P. elongata introduced to each core (12.9 g and 14.9 g), the mean figures arrived at were 27.4 g soil day-1 earthworm-1 or 7.89 g soil day-1 earthworm g-1.  These, possibly minimum, figures represent an ingestion rate of about 8 times the body weight of worms per day which compares with the ingestion rates of 10-30 times their body weight of soil per day for three large geophagous worms in West Africa (Lavelle, 1979, reported in Lee, 1985 p 118).  From the gut content figures calculated above (i.e. about 33% soil) and the mean biomass of P. elongata when introduced (of about 3.5 g) an average soil content of 1.15 g earthworm-1 means that the  continual soil processing rate and the gut transit time would both be about 1 g soil hr-1 worm-1.

Soil chemistry
Results for topsoil/casts are presented in Table 4.5.8 and subsoils in Table 4.5.9.


The chemical analyses show particularly high levels of Cl and exchangeable cations, this is probably due partly to the accumulation of ions and minerals from the mains water supply.  Topsoils from the long core controls had higher pH but lower P (and general depletion of most other chemicals) when compared to the short core controls.  The presence of P. elongata in both the long and short cores decreased the pH and depleted P (and N) of the cast/topsoil when compared to their respective controls.  P. elongata casts appear depleted in macronutrients, either by earthworm assimilation, by more intense leaching or by the surface deposition of lower nutrient status soil from depth.  The cast/topsoil analyses from other species treatments in the short cores had only slight variation from topsoil values of the control.

 Table  4.5.8  Mean surface casts/topsoil soil chemical analyses results compared to control core topsoils with ANOVA summaries (n=2).
 ________________________________________________________________________________________________

 Treatment       pH
 Ec
   Cl    NO
 P‑Bic  Cu    Zn
Mn
  Fe
    C
Tot N  P_CaCl

 Spp                 mS/cm  mg/kg  mg/kg  mg/kg  mg/kg mg/kg mg/kg  mg/kg  %     %      mg/kg

 ________________________________________________________________________________________________

 LONG CORES

 P. elongata
 7.7
 0.659  765   2.5 
 66    6.6    5.2   32.5   21.5   2.0    0.12   1.05 


 %Ctrl

‑4.4  8.6    24.2  25.0   5.6  ‑51.5  ‑58.0  54.8   16.2  ‑11.1  ‑11.1  ‑19.2 

 Sig.


 ***
 ns
   ns    ns     ns
  **
    **
*
  *
    ns     ns
   *

 Controls
   
 8.0
 0.607  616   2.0
 63    13.5   12.3  21.0
  18.5   2.3    0.14   1.30

 Sig1.         
 *
 ns
   ns    ns
 **
  *
    ns
ns
  ns
    ns
 ns
   ***

 SHORT CORES

 P. elongata 
 7.5  0.962  1256  5.5 
 90 
  6.3    5.6   48.0
  23.5   2.3    0.13   1.55 


 %Ctrl

‑3.2  36.9   60.2  22.2   5.3  ‑28.4  -35.6  88.2   23.7  ‑10.0  ‑13.8  ‑25.3 


 Sig.


 *
 **     *     ns
 ns
  ns
    ns
**
  **
    ns
 ns
   **

 Small spp

 7.8
 0.716  823   3.5 
 84 
  8.7    8.8   28.5   18.0   2.6    0.16   2.18 


 %Ctrl

 0.0
 1.9    5.0  ‑22.2  ‑1.8  ‑1.1    1.1   11.8  ‑5.3    4.0    6.9    4.8 

 Sig.


 ns
 ns
   ns    ns
 ns
  ns
    ns
ns
  ns
    ns
 ns 
   ns

 P. coreth.  
 7.7  0.873  1070  2.0 
 89 
  7.6    8.0   26.0
  17.0   2.5    0.19   2.15 



 % Ctrl

‑0.6  24.3   36.5 ‑55.6   4.1  ‑13.6  ‑8.0   2.0   ‑10.5   0.0    31.0   3.6 

 Sig.


 ns
 ns
   ns    ns
 ns
  ns
    ns
ns
  ns
    ns
 ns
   ns

 A. trap.

 7.6  0.916  1050  3.0 
 84 
  6.0    6.4   31.0
  17.0   2.4    0.17   1.85 



 %Ctrl

‑1.9  30.4   33.9 ‑33.3  ‑1.8  ‑31.8  ‑26.4  21.6  ‑10.5  ‑4.0    17.2  ‑10.8 

 Sig.


 ns
 *
   ns    ns
 ns
  ns
    ns
ns
  ns
    ns
 ns
   ns

 Control means
 7.8
 0.703  784   4.5 
 86    8.8    8.7   25.5
  19.0   2.5    0.15   2.08 

 ________________________________________________________________________________________________

 1 Long control cores vs. short control cores.

 Table 4.5.9 Soil matrix chemical analyses (bolded values for the upper long cores are significantly different to their controls, other bolded values are significantly different to short controls).
  ________________________________________________________________________________________________

 Treatment       pH
 Ec
    Cl    NO
 P‑Bic Cu    Zn    Mn
Fe
  C
Tot N  P_CaCl

 Spp                 mS/cm   mg/kg  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg  %     %   mg/kg

 ________________________________________________________________________________________________

 LONG CORES

 P.elong. upper
7.8   0.209   147    2    73    5.0   2.6   24    35    1.8   0.14   0.6       

 P.elong. lower
7.7   0.217   163    2    88    5.0   2.0   36    40    1.9   0.14   0.8       

 Control upper
7.8   0.204   134    2    72    4.6   2.6   25    32    2.0   0.15   0.7       

 Control lower 
7.8   0.198   149    2    97    4.6   2.0   33    37    1.8   0.14   0.85       

 SHORT CORES

 P. elongata
7.7   0.322   279    2    90    6.9   2.4   70    48    2.2   0.15   0.8       

 Small Spp.  
7.6   0.291   272    2    81    4.1   2.4   34    28    2.3   0.16   1.2       

 P. corethrurus
7.7   0.290   269    2    87    5.8   2.5   66    42    2.3   0.15   0.9       

 A. trapezoides
7.7   0.251   222    2    78    4.2   3.1   39    28    2.3   0.16   1.0

 Control  

7.6   0.258   234    2    83    3.9   2.5   34    29    2.1   0.16   1.2       

 l.s.d. (n=3)
0.00  0.2284  323.7  0.0   7.6  0.76  1.31   2.9   2.9  0.50  0.029  0.29 

 MEAN LONG 
7.78  0.207   148.3  2.0  82.5  4.80  2.30  29.5  36.0  1.88  0.143  0.74       

 MEAN SHORT 
7.66  0.282   255.1  2.0  83.7  4.98  2.57  48.5  35.0  2.23  0.155  1.01       

 cf. "Casts/Topsoils" (Table 4.5.8 above).

 Control means 
7.75  0.703   784.0  4.5  85.5  8.80  8.70  25.5  19.0  2.50  0.145  2.08 

 l.s.d.     
1.3   0.4    1017.6 38.2  38.2  5.10  5.10  12.7   0.0  2.50  0.100  0.60 
      _____________________________________________________________________________________________


Overall, the topsoils tended to be higher in N03-N and P compared to the soil matrix, as would be expected.  Within the soil matrices, the long cores only varied slightly compared to the short cores.  There was a tendency in the P. elongata cores, for the bulk soil to be lower in P than the controls, suggesting that this nutrient was being mined.  In general, the variations in the short cores were more extreme, suggesting that the extra soil mass in the long cores moderates effects of earthworm mining and attendant nutrient leaching.


From the casts and soils chemical analyses and the weights of each soil layer (converted to dry mass from the SMC data), nutrient budgets were compiled and compared to nutrient yields and earthworm biomass.  Estimates of the total N and P nutrient pool in the soil were based on the bulk dry mass of soil (Tables 4.5.10-4.5.13 summarise these calculations).  These tables compare the deficit or increase of nutrients relative to controls so that trends may be described (only general trends are of interest therefore statistics were not applied).  
Table 4.5.10 Estimates of total (Tot) nutrient N and P budgets in the soil matrix of treated cores and the actual differences compared to the control cores.
___________________________________________________________




   Total Amount (g) Difference to Ctrls1 (g)




    _______________  _______________     












  N
     P   
   N  
  P 

___________________________________________________________

LONG CORES

P. elongata upper
13.33   0.695   ‑1.28   ‑0.006     

P. elongata lower
18.39   1.156    0.64   ‑0.074       

Long Ctrl upper  
14.61   0.701             

Long Ctrl lower
17.75   1.230               

SHORT CORES

P. elongata

17.58   1.055   ‑0.87    0.098       

Small spp.

16.33   0.848   ‑2.12   ‑0.109     

Pont. corethrurus
16.21   0.940   ‑2.24   ‑0.017       

A. trapezoides

17.85   0.870   ‑0.60   ‑0.087       

Ctrl



18.45   0.957               

___________________________________________________________

1 respective differences i.e. (long treatment:long ctrl); (short:short ctrl).


Most of the earthworm treatments appeared depleted in nutrients compared to control soils.   The upper sections of the long cores had lower nutrients than the short controls but there appeared to be accumulation in the lower sections.  Leaching was a probable cause.  In the P. elongata treatments there was a tendency for differential depletion of nutrient N in the upper section and deposition in the lower.  In the short cores, Pont. corethrurus was the most depleted while A. trapezoides was the least (this latter treatment had a substantial loss of biomass during the trial which may have supplemented the core N).  It appears that a portion of the matrix nutrients were deposited in casts on the surface (Table 4.5.11).

Table 4.5.11.  Estimates of total nutrients of worm casts compared to those of the topsoils of the corresponding controls.

___________________________________________________________




   Total Amount (g) Difference to Ctrls1 (g)




    _______________  _______________     












  N
     P   
   N  
  P 

___________________________________________________________

LONG CORES

P. elongata 

0.98   0.054
   0.45   0.029

Long Ctrl   

0.53   0.025               

SHORT CORES

P. elongata

1.14   0.082
   0.17   0.025     

Small spp.

1.05   0.057 
   0.09   0.000      

Pont. corethrurus
0.96   0.045 
   0.00  ‑0.012 

A. trapezoides

1.24   0.061
   0.28   0.005

Ctrl



0.96   0.057 

______________________________________________________________________

1 respective differences i.e. (long treatment:long ctrl); (short:short ctrl).


In these calculations in Table, 4.5.11, the variations in amount of cast material appeared to elevate the proportional nutrient levels, especially N, for earthworm treatments (except for Pontoscolex corethrurus and the smaller species).  In the long P. elongata cores, about half of the nutrients depleted from the upper layers of the cores were budgeted.  Relative ratios of N:P for this species differ between soil core type.  The total cast nutrients were added to plant nutrient yields in Table 4.5.12.

Table 4.5.12 Combined total nutrients in casts/topsoil and grains.

___________________________________________________________




   Total Amount (g) Difference to Ctrls1 (g)




    _______________  _______________     












  N
     P   
   N  
  P 

___________________________________________________________

LONG CORES

P. elongata 

   1.16   0.097   0.53   0.050   


Long Ctrl
   

   0.64   0.047                     

SHORT CORES

P. elongata

   1.30   0.112   0.23   0.023

Small spp.

   1.18   0.085   0.11  ‑0.004

Pont. corethrurus
   1.13   0.081   0.06  ‑0.008

A. trapezoides

   1.44   0.113   0.37   0.025

Ctrl



1.07   0.089  

___________________________________________________________


From the nutrient data in Table 4.5.12, most species treatments appeared to stimulate release of nutrients in the soil, especially P. elongata and A. trapezoides.  Compared to the cast/topsoil data alone, the addition of plant nutrients from grain yields proportionally altered some of the treatment budgets.


Data of the relative difference between the treatment yields and the controls (totals from the casts and plant nutrient tables) were combined with the estimate of total earthworm biomass in order to determine the proportional immobilisation of nutrients in earthworm tissue.  Total earthworm nutrients were based on the mean biomass and nutrient contents calculated earlier (Table 4.5.6) for Polypheretima elongata and Pontoscolex corethrurus, for other species mean values were used.   Table 4.5.13 presents the results.

Table 4.5.13 Estimates of total nutrients removed from soil cores in worm tissue and relationship to total cast and plant nutrient extraction (from table 4.5.12). 

___________________________________________________________





 

Proportional Difference (%)1



Earthworm 
(Earthworms/Casts+Plants)




Tot N  Tot P
__________________________

Treatment

(g)
   (g)

 N
  
 P


___________________________________________________________

LONG CORES



P. elongata 
0.15   0.010 

27.6

 20.5      Long Ctrl   
-

-

SHORT CORES

P. elongata
0.13   0.009   
56.0 
 39.3      Small spp.
0.01   0.001    
 9.1   
‑15.1      Pont. coreth.
0.06   0.003   
90.1   
‑33.0      

A. trapezoides
0.02   0.001    
 5.7   
  4.3 

Ctrl


-

-___________________________________________________________

1 from yields of earthworm nutrient divided by total cast+plant nutrients. 


From Table 4.5.13 can be seen that earthworm biomass accounted for a large proportion of the nutrients extracted from the soils, despite their biomass being added to the system initially.  Pontoscolex corethrurus  had almost equivalent amounts of N in their tissues as were in grain plus casts.  Budgets for Polypheretima elongata were also high.  Low proportions of N and P in Aporrectodea trapezoides and the small species were due to the low biomass recovered (the background contamination of cores with unintentional small species were probably insignificant).  


A notable feature in Table 4.5.13 above is the difference between long and short cores in the contribution of P. elongata biomass to the total nutrient flux: in the short cores the proportional earthworm nutrients were high particularly for N, whereas in the long cores (where there is a much greater nutrient sink) worm biomass was less important.  Thus the nutrients available from the soil in the long P. elongata cores, despite being exploited for metabolism and reproduction were not over-depleted because the nutrient pool, especially of N, was greater in the deeper soil.  Consequently, in these larger mesocosms there was less competition for nutrients between the earthworm and plants compared to the short cores where plant yields were more variable. Thus size of mesocosm was an important consideration in the nutrient budgets of worked soils and in plant responses to the presence of P. elongata.

Discussion and Conclusions

 In the glasshouse, sorghum grain yields after 5 months were increased by 10% to 113% (grain N by 23% to 84% and grain P ranged from -15% to 91%) by the addition of earthworms when  compared to uninoculated controls.   Marked effects on the soil structure and water infiltration were observed: earthworms tended to increase soil bulk density by producing consolidated casts but, at the same time, their burrows opened channels for enhanced water entry.  Polypheretima elongata was tested in both long cores (ca. 60 cm) and short cores (ca. 30 cm) against uninoculated controls.  In the long cores showed greater plant improvement, lower bulk density, higher soil moisture, and greater surface perturbation when compared to the short cores.   Deleterious effects noted for this deep-burrowing species in previous trials may thus have been an aberration of the depth of test soil.  Increased plant yields may be attributed to the release of nutrients from (sub-surface) worm casts, improved soil structure, better soil moisture relationships and improved root access.


Through its profuse cast production and burrowing activity, P. elongata modifies the soil especially in shallow soils where the trend is for consolidation and increased bulk density.  In deeper test soils, which better simulate the field situation, such effects appear reversed with slightly lower bulk densities and higher soil moistures in the upper layers, perhaps due to opening of channels along burrows and translocation of soil to depth (Plate 4.5.2).  In the control cores the surface soil cracked when dry, whereas P. elongata  not only covered the surface with casts but had also filled sub-surface voids.  This consolidated cast material would presumably tend to increase bulk density although, concomitantly, burrows permeate the soil matrix and permit greater or deeper infiltration of water.  The rate of infiltration in both long and short cores was more rapid with P. elongata than with other treatments (B. Radford, pers. comm.).

Summary of findings from this trial.

•
Adding P. elongata to deep cores resulted in double grain sorghum yield, while in the short cores no significant difference was detected for this species possibly because the effects on soil drainage were deleterious in the latter.


•
Significant increase in total above ground dry matter yield, in the order of 52%, was detected for P. elongata in long cores. 


•
A. trapezoides activity appears to increase grain yields, although mortality of this worm may have added extra nutrients.  High mortality may have been due to susceptibility to herbicide residues in the soil or to transportation stress.


•
Increases in plant production in the P. corethrurus soil were not significant.


•
The small species tested appear benign or slightly deleterious to plant growth; low residual populations survived or developed in uninoculated cores confirming the need to sterilise soil before testing.  There was a detectable increase in soil moisture (improved moisture holding capacity?) when compared to short P. elongata core moistures.


•
Mean soil moisture contents of all cores were in the range 37% to 43% suggesting that the automatic watering system supply was fairly constant (although those cores with more robust plants would presumably have created a greater water demand).  Tendencies were apparent for soil moisture to be increased for those long cores with  P. elongata and lowered in short ones (due to greater drainage?).


•   Compaction of soil, as expressed in higher bulk density, was detected forshort cores containing P. elongata when compared to controls and to the long cores.  P. elongata appeared to cause greater perturbation of the soil surface, by casting and burrowing, in both types of cores.


•
Retrieved worm biomass tended to be lower than that added, possibly indicative of physicochemical and competitive stress due to confinement rather than mortality (except for A. trapezoides).  Loss of worm biomass may also be partly accounted for by energy utilisation to construct burrow systems and reproduce.


•
Reasons why populations of species other than Polypheretima elongata failed to develop in this soil are unclear, possibly they were unsuited to this soil type or else there were chemical residues (herbicide?) or chemical accumulations from the tapwater.


•
The fifteen mature specimens of P. elongata recovered in these trials had produced about 120 offspring (assuming one hatchling per cocoon), this represents a reproductive rate in the order of 1.6 cocoons / worm / month.

 
•
Nutrient analyses of the soils, casts, plants and earthworm composition allowed discussion of the possible causes for observed variations in plant yields; also water relations (leaching of nutrients) were discussed.


•
Trends detected in plant and soil structure in response to introduction of these species could be investigated further in glasshouse trials with greater replication or tested directly in the field.  These trials help to clarify observed effects on soil structure and infiltration rates attributable to earthworm activity in field plots.

Summary of Species effects
1. Polypheretima elongata - significantly increased sorghum plant and grain yields, but only in deeper test soil where its effects on drainage and root development may have been more beneficial.  Variable plant responses in short cores confirmed findings in earlier trials of deleterious effects which may now be seen as aberrations of soil depth/drainage effects.   This deep-burrowing species profoundly modifies soil structure and infiltration by creating extensive and wide burrow systems and copious surface casts.

2.  The small species: Ocnerodrilus occidentalis, Gordiodrilus elegans and Dichogaster bolaui in combination appear to be benign introductions.   Survival and effects on plant growth and soil characteristics were modest in cores to which these were introduced.   However, they also persisted in other cores. 

3.  Pontoscolex corethrurus, had only slight effects on plants and soil in this trial.   However, its survival rate was low suggesting that some characteristic of either the soil or glasshouse regime was not suitable. 

4.  Aporrectodea trapezoides doubled sorghum grain yield and increased grain N, possibly partly through worm biomass losses providing plant nutrients.  However, this species did not survive well in this test soil nor during transportation: of fifteen matures sent overnight from Brisbane to Biloela in moist compost, only five or six survived.  From the total of about 10 live matures introduced into the soil core, only five were retrieved all of which had regressed to sub-adult status and had not produced cocoons.   This species was not found in the main field plot, from where the soil for the trial was obtained, but was in adjacent soils.  Perhaps the particular test soil carried herbicide or other residues to which this species was susceptible.   The reasons for lack of small species specimen recovery, as from all other pots, are unknown. 


4.6 FINAL POTS
Introduction

The aims were to investigate the phenology and agronomic potential of various (mainly smaller) earthworm species for which there were no previous reports.  Of these species, three were Australian natives which were new to science, two exotic species of the four had not been previously recorded in Australia and, for contrast, the other two were an asiatic pheretimoid and an European lumbricid. 

Methodology

Reconstituted soils, rather that intact cores were used, but the stratigraphy was maintained.  Clay was the main soil type, but a subsidiary experiment used a sandy soil for contrast.  Both soils were compacted to give approximately equivalent bulk densities in cores.  The bottom trays were layered with coarse sand in an attempt to prevent worms escaping via this route.      


Soil from several pots used in previous experiments and found to be free of earthworms, was reused in this trial.  Soil samples from each stratigraphic layer that had been kept separately in plastic bags were mixed in a mechanical cement mixer before being added to the new pots in the same positions i.e. subsoils at the base with topsoil above.  Pots of the same dimensions as used previously were employed, i.e. PVC tubes of 23.3 cm diameter and 33 cm depth.  As each layer was added to the pots, it was compressed by foot so that the reconstituted soils were evenly compacted and had smooth surfaces.  Because the soils were stored in a wetted state (near field capacity), the moisture levels were deemed adequate for the new trial so the new gross weights were regarded as the "desired watering weights".


On 2nd March 1992, 20 oats (Triticum avense var. Minhafer) seeds were planted at 2 cm depth in each pot.  An automatic watering system was installed and monitored for the first fortnight, being adjusted to supply approximately 400 ml of tapwater to the surface at midnight on alternate days, the same amount for each pot.  This rate maintained the soil in a moist condition near the desired watering weights without flooding.  The soil cores were spaced on glasshouse benches and their positions changed four times in the duration of the trial.  Thermometers measured temperature fluctuations in the soil.


Based on an initial harvest on 8th April 1992, individual dry matter of oats ranged from 4.5 g to 5.6 g for the clay soil and 1.5 g to 2.0 g for the sand.   In order to reduce inherent variability of fertility effects in this trial, the pots were recombined in matched pairs to give equitable mean yields.   This design was equivalent to randomised blocks, however, changes in the relative numbers of replicates, as more earthworm treatments were implemented, meant that analyses for completely randomised design were used.  


Table 4.6.1 shows the random allocations of mature specimens of four earthworm species to pots.   Three further species were included at later dates, as specimens became available, which reduced the initial number of untreated control cores.  


At the end of July, 1992, the oats plants were undersown with sorghum (Sorghum bicolor) which were later thinned to 5 per pot.
Table 4.6.1 Earthworm added to cores of two types of soil on, or after, 8/4/92.

___________________________________________________________

Pot

No.  Species

   
    Origin    No. Mass   Mean mass

___________________________________________________________

Clay

1  Diplotrema narayensis     Narayen    30  1.25

2  Diplotrema narayensis     Narayen    30  1.22   1.24

3  Octochaetus beatrix       Mundubbera 10  3.15

4  Octochaetus beatrix       Mundubbera 10  2.72   2.94

5  Eisenia rosea             Samford    10  5.80

6  Eisenia rosea             Samford    10  5.97   5.88

7  Drawida barwelli          Samford    30  1.59 

8  Drawida barwelli          Samford    30  1.66   1.70 

9  Diplotrema capella1       Capella    10  1.06

10 Diplotrema capella1       Capella    10  0.97   1.02

11 Amynthas minimus2         Samford    30  2.05

12 Amynthas minimus2         Samford    30  1.77   1.91

14 Heteroporodrilus bongeen3 Bongeen     4 10.8     -

13 Control
  
         


 0   0

15 Control


 


 0   0

Sand                                                 

16 Diplotrema narayensis     Narayen    30  1.17

17 Octochaetus beatrix       Mundubbera 10  2.56

18 Eisenia rosea             Samford    10  5.75

19 Drawida barwelli          Samford    30  1.83 

20 Amynthas minimus2         Samford    30  1.73

21 Control


 


 0   0

22 Control


 


 0   0

23 Control


 


 0   0

_________________________________________________________

1 - added on 19/5/92 (there were insufficient worms to add to sandy soil).  2 - added on 8/8/92.  3 - added on 8/10/92 (there were insufficient worms to add to other cores).

   The oats were harvested at soil level on 4/8/92, which represented about four months of growth following introduction of most earthworms.  The temperature range recorded in one of the soil cores over this winter period was 14 C to 32 C (the glasshouse had been heated).  The harvest yields of oats are presented in Table 4.6.2, and the nutrient contents in Table 4.6.3 (note, results for the sandy soil are combined).


Harvesting of sorghum at soil level was on 12th February 1993, when about half of the plants had mature seed heads.  This represented more than six months growth, during which time the soil temperature range (at 10 cm depth) was 17C - 35 C (air temperatures 15C - 38 C).  Grain was removed, dried and weighed separately from the tops, and both were analysed for nutrients.   As there was no significant variation from the mean control yields of the sorghum tops and grains when considered separately, these weights were combined to give total yields (Table 4.6.4).  Similarly, the combined nutrient compositions are presented (Table 4.6.5).


Dismantling of the cores, to retrieve the earthworms, commenced the day following the sorghum harvest and was completed within two days.  None of the pots were watered in this period.   Each core was weighed and the length of the soil column measured.  Surface casting was noted and the soil extruded for hand sorting of earthworms in two approximately equal sections: "upper" and "lower", results are in Table 4.6.6.  From each of these sections, a soil subsample was taken for drying for soil moisture content (SMC) calculation.  From the volume of the soil column and calculated dry mass of soil, bulk densities were calculated.  


Results of the soil analyses are given in Table 4.6.7.  

Table 4.6.2 Oats dry matter yields at 4 month harvest (4/8/92) and means as a percentage of control cores with ANOVA results.
___________________________________________________________

  spp.


  
Means
Effect  ANOVA1
  code

n

  (g)   
(%Ctrl)

___________________________________________________________

Clay soil 

  
Dp. nar.
2

18.8

32.6%
*

  
O. beat.
2

17.6

24.1% 
ns


E. ros.
2

22.5

58.7% 
**


Drawida
2

19.3

36.1% 
*


Dp. cap.
2

14.4

 1.6%  
ns


Ctrl

5

14.2

  0    

sed means (9 d.f) to compare treatments with control = 1.74

Sandy soil

 
Dp. nar.
1

13.1                      

 
O. beat.
1

14.6                         

 
E. ros.
1

12.5                          

 
Drawida
1

11.9      

Combined       4

13.03   
9.7%     ns


Ctrl

4

11.88   
 0 

sed means (6 d.f.) to compare treatment with control = 0.70

___________________________________________________________

1 - ANOVA test treatments vs. controls (combined treatment means for the sandy soil).
Table 4.6.3 Oats total N and P yields at four month harvest 4/8/92 and means as a percentage of control cores.

___________________________________________________________



          N yield           
P yield

 Spp             
_________________   ___________________

 code      
n  
Mean  %Ctrl ANOVA
Mean   %Ctrl ANOVA1
___________________________________________________________

Clay


Dp. nar.  2   
0.112  20.3  ns
0.047   -2.8  ns


O. beat.  2   
0.106  13.9  ns
0.047   -1.7  ns


E. ros.   2   
0.131  40.1  *

0.051    6.8  ns


Drawida   2   
0.135  44.9  *

0.060   26.0  *


Dp. cap.  2   
0.101   8.3  ns
0.054   12.2  ns


Ctrl
   
5   
0.093    0   -

0.047    0.0  -

sed means (9df)
0.0102  


0.0044

Sand                                                        
Dp. nar.  1   
0.097  


0.016


O. beat.  1   
0.101  


0.016


E. ros.   1   
0.088  


0.015


Drawida   1  
0.087  


0.014 

Combined

4  
0.093  14.3  *

0.015  -15.6  *


Ctrl
   
4  
0.082   0.0  -  
0.018    0.0  -

sed means (6df)
0.0053   


0.0012

___________________________________________________________

1-ANOVA test treatments vs. controls (combined treatments for sandy soil).
Table 4.6.4 Sorghum total plant dry matter at six month harvest on 12/2/93 with mean percentage differences relative to controls (and ANOVA results).
___________________________________________________________

Spp
Code    

n        Mean (g)    %Ctrl   ANOVA

___________________________________________________________

Clay
Dp. nar.
2      
33.05      5.1   
ns


O. beat.      
2      
30.75     -2.2  
ns


E. ros        
2     
39.85     26.7

*


Drawida 

2      
38.15     21.3 
*


Dp. cap.

2      
33.30      5.9   
ns


A. minimus 
2      
31.75      1.0 
ns


H. bongeen    
1     
43.90     39.6  
*


Ctrl


2    
31.45       0    
-

sed means (7 df)     

 2.73

Sand
Dp. nar.  1     
18.1            


O. beat.       1    
 7.8            


E. rosea       1     
18.8            


Drawida        1     
17.7            


A. minimus     1     
21.2    

All combined  
 
5     
18.72  
-0.7      ns


Ctrl           2     
18.85
  0


Ctrl1
  
1     
25.0 

sed (4 df)            

 0.74

___________________________________________________________

1 - sand core infested with ants (excluded from calculations).

Table 4.6.5 Sorghum total N and P yields at harvest on 12/2/93 with mean percentage differences relative to controls (and ANOVA results).
___________________________________________________________



    

N yield       

P yield





__________________  ________________

Spp  code 
n 
Mean  %Ctrl  ANOVA  Mean  %Ctrl ANOVA

___________________________________________________________

Clay
Dp. nar. 
2  
0.19   24.0  ns    
0.0987  14.0 ns


O. beat. 
2  
0.17   12.6  ns    
0.0909   5.1  ns


E. ros   
2  
0.18   21.3  ns    
0.0984  13.7  ns


Drawida  
2  
0.20   34.3  *
  
0.1054  21.8  *


Dp. cap. 
2  
0.22   46.1  *
  
0.0976  12.8  ns


A. min.
2  
0.16    3.6  ns    
0.0892   3.1  ns


H. bong.
1  
0.30   96.9  **    
0.1035  19.6  *


Ctrl    
2  
0.15     0   -
  
0.0865    0  -

sed (7 df)

0.016      

0.0031

Sand
Dp. nar.
1 
0.10       

0.022


O. beat.
1 
0.12        
 
0.027


E. rosea
1 
0.11        

0.024


Drawida 
1 
0.10          

0.020


A. min.
1 
0.15         

0.025  

Combined

5 
0.115   2.3  ns    
0.0235   8.4  ns


Ctrl   
2  
0.113    0  
  
0.0217    0    


Ctrl1    
1
0.13        

0.030

sed (1df)


0.031


0.0030

___________________________________________________________

1 - infested with ants (excluded from calculations).

Table 4.6.6 Earthworms retrieved from cores after 10 months on 14/2/93.

Deliberate species treatments are in bold, followed by unintentional additions.
         

   Added     Retrieved1  
Totals

Pot


   _________ _____________________________

No.  Spp          
No.  Mass mat. im.  c.   No.      Mass g.

___________________________________________________________ 

CLAY

1  Dp. narayensis 30   1.25 15   10        25        0.93 
   Dicho. bolaui            13   32        45        1.40 

   Total:
                                 70        2.33 

2  Dp. narayensis 30   1.22 24   2         26        0.80 

   O. beatrix                1              1        0.90 

   Spenceriella sp               2          2        0.79 

   Total:                                  29        2.49 

3  O. beatrix     10   3.15                 02        0   

   Spenceriella sp           1              1        0.42 

   Total:                                   1        0.42 

4  O. beatrix     10   2.72                 0         0   

5  E. rosea       10   5.80                 02        0   

6  E. rosea       10   5.97                 0         0   

7  Drawida        30   1.59 56   110       166            

   A. minimus                4    10        14            

   Total:                                  180       3.4   

8  Drawida        30   1.66  55   30        86            

   A. minimus                 5    5        10            

   Total:                                   94       2.28 

9  Dp. capella    10   1.06  11    6  3     20       1.82 

10 Dp. capella    10   0.97   9   33        42       1.93 

11 A. minimus     30   2.05  20    6        26           
   Drawida                   27   14  1     42                     

Total:          

              68       1.83 

12 A. minimus     30   1.77  18    5        23       1.02 

14 H. bongeen     4   10.85                  0        0  
13 Ctrl           0                          0        0      

15 Ctrl           0                          0        0 

SANDY SOIL                                                

16 Dp. narayensis 30   1.17                  0        0   
17 O. beatrix     10   2.56   1              1A      0.69 
18 E. rosea       10   5.75                  0B       0   
   E. saltensis               5              5       0.14 

19 Drawida        30   1.86   4              4            
   A. minima                  6    1         7      

   E. saltensis               2              2       ____  

   Total:
   
     13      1.11

20 A. minimus     30   1.73  10    3         13      0.40 
21 Ctrl           0                          0        0   

22 Ctrl           0                          0        0   

23 Ctrl           0                          0        0   
   E. saltensis               1              1       0.02 

___________________________________________________________

1 - m.= mature, im. = immature, c. = cocoon.  A - six dead earthworms were found on the bench near to Octochaetus beatrix pots on 24/4/92 (following a storm).  B - dead E. rosea were found on 24/4/92, 14/7/92, 4/8/92 and 4/8/92.  
Table  4.6.7 Soil Characteristics: Soil Moisture Content (SMC %) and Bulk Densities (BD g cm-3) for different soil and species (Spp) treatments.
___________________________________________________________


Soil Moisture Content


Bulk Density g cm-3
Core _______________________________
__________________

No.  Top1 Bottom1 Mean Spp-Mean  %Ctrl 
Core
Mean
%Ctrl

___________________________________________________________

Clay                                               

 1     43.3  44.9   44.10             
   

0.85            

 2     45.4  38.5   41.75   42.93
 3.9
 
0.88  0.868  ‑0.3 

 3     40.2  40.2   40.20             
   

0.86           

 4     43.3  42.5   42.90   41.55   
 0.6
 
0.84  0.849  ‑2.4 

 5     41.4  37.9   39.65             
   

0.90           

 6     42.9  39.3   41.10   40.38    
‑2.2 

0.87  0.886   1.9 

 7     39.9  41.8   40.85             
   

0.87           

 8     42.0  38.3   40.15   40.50    
‑1.9
 
0.89  0.880   1.2 

 9     43.1  44.5   43.80             
   

0.84           

 10    42.4  38.0   40.20   42.00
 1.7 

0.94  0.889   2.2 

 11    43.0  42.3   42.65             
   

0.84           

 12    39.7  37.4   38.55   40.60  
‑1.7
 
0.91  0.876   0.7 

 14    43.0  40.2   41.60   41.60    
 0.7
 
0.86  0.856  ‑1.6 

 13    42.8  39.7   41.25             


0.88           

 15    38.2  44.5   41.35   41.30 
 0.0 

0.86  0.870   0.0 

Sand                                                

 16    22.8  22.8   22.80             


1.42           

 17    22.9  22.9   22.90             


1.33           

 18    24.9  24.9   24.90             


1.33           

 19    23.7  23.7   23.70             


1.33           

 20    24.0  24.0   24.00   23.66 
-1.6  

1.36  1.355  0.2 

 21    24.3  24.3   24.30             
    

1.38           

 22    23.8  23.8   23.80   24.05   
 0.0

1.32  1.353  0.0 

 23    23.3  23.3   23.30             


1.34           

___________________________________________________________

1 top is the upper half of the soil column (0-15 cm) and bottom is the lower half (15+cm).


The slight treatment differences in soil moisture content and bulk density for the clay soil (Table 4.6.7) were not statistically significant by ANOVA test.  Compared to the clays, however, the sandy soils have lower soil moistures and higher bulk densities.

Discussion on findings from this trial.

Significantly increased plant yields were recorded for some combinations in the clay soil: oats dry matter by the addition of Diplotrema narayensis, oats (and oats N) and sorghum dry matter by Eisenia rosea and oats and sorghum dry matter, N and P by Drawida barwelli.  In addition, sorghum  N was  increased  by the presense of Diplotrema capella, and sorghum dry matter, N and P by Heteroporodrilus bongeen (which was added later and not tested on the oats).  Mortality of the earthworms was associated with these plant increases for two species, Eisenia rosea and H. bongeen.   There was less evidence for positive influences on plant growth in the sand cores, except for slight raising of oats N and depletion of oats P.


Most live worms were found in the upper layers of soil (data not presented).   Survival of the inoculated species, and occurrence of unintentional species, varied between the cores and is of relevance to interpretation of the results.   The contaminations found were from several possible sources.  The small species contaminants: Dichogaster bolaui and Amynthas minimus and Drawida barwelli (recovered from other than their treatments) were probably unintentionally introduced along with desired species.  The small Eukerria saltensis in the sandy soils may have been a residual contaminant in the soil.  Octochaetona beatrix, which appears to be a wanderer, was found as a migrant in one clay soil.  Possibly not all of the escapees or mortalities were accounted for.  The origin of Spenceriella sp. found in other clay treatments is unknown.


Earthworms appeared to survive less well in the infertile sandy soil (although these soils may have been "overwatered") when compared to the clay soil.  However, the impenetrable coarse sand at the base of the cores failed to prevent certain species escaping from the tops of pots.  The need for isolation of cores, by separation and barriers, to prevent the transmigration of earthworms and other organisms such as ants is emphasised.  Although "worm-free" according to previous sorting, some residual species (or contaminant species of indeterminate source) persisted.  Thus the importance of initial soil sterilisation was confirmed.  Interpretation of plant yield effects due to earthworm species treatments are confounded in some cases due to extinction and/or contamination.  Moreover, as five clay controls were available for the oats test crop, but only two for the sorghum, the confidence levels vary.  The results were a compromise between scope of species trialled and level of certainty.  In general the aim was to screen a range of species and only substantial effects on yield were sought.


Because all cores received equivalent amounts of irrigation, and indeed soil moisture contents were found to be similar between treatments, differences in plant yield were therefore attributable to effects of earthworms on combinations of soil factors, rather than solely to improved water relations. 

Species summary.
Diplotrema narayensis - this native species had moderate survival only in the clay cores and its reproduction was low.  Significant increases in plant yield were detected for oats but not for sorghum, and these results were confounded by contamination.  Possibly it is a marginally beneficial species.  Source of the contamination of one pot with an exotic species, the similarly small Dichogaster bolaui, was unknown but possibly this species was present when D. narayensis was collected (from Narayen).  Fine granular to globular surface casts were noted in both the clay cores (partly due to other species?).   

Octochaetus beatrix - very few specimens were recovered from their original containers although several were found dead on the bench or resident in other cores.   About half of the original specimens were accounted for by these two routes, thus this species is a "wanderer".  In nature this peregrine species may have partly extended its range by this means.  Only one specimen recovered was clitellate.  Apparent positive effects on oats yield initially were not sustained for the sorghum (although it is doubtful that this worm was present in the cores to influence yield for the full period).  Lateral burrows were noted in some cores although the surface appeared unaffected, this unpigmented worm probably casts below ground level.

Eisenia rosea - none survived in the soil for the term of the experiment, but several had escaped from the cores.  Possibly driven out by flooding or high temperatures, these worms may also be nocturnal wanderers.   Lateral burrows (and globular surface casts) were noted in the clay cores, suggesting initial survival, and the effects on the winter oats crop were positive.   For the summer sorghum plant material a positive influence was detected (not for the grain though), if specimens succumbed in the soil their bodies may have been a source of plant nutrients.

Drawida barwelli - of approximately 30 specimens introduced, 166 and 86 were recovered from the two clay cores (a mean increase of 4.5 times in ten months), but only 4 specimens were recovered from the (waterlogged?) sandy soil.  Contamination with a few Amynthas minimus was probably due to inadvertent introduction initially, these two exotic species were collected together and were difficult to differentiate.  D. barwelli had a significant influence on plant yields of both oats and sorghum.   The surface of the clay cores were covered with fine granular casts and the matrices were riddled with narrow channels making the soil particularly friable.  An observation during irrigation was that the pots with D. barwelli had enhanced absorption of water which typically drained into the trays of other cores.  


Only one cocoon was recovered, although the majority of worms retrieved were immatures.  Field observation suggested that this species has a seasonal reproductive cycle and these immatures were probably the progeny from the previous summer.   It is a potentially beneficial introduced species, as demonstrated for the clay soil, but in infertile sandy soil survival was not good.   

Diplotrema capella - from the ten large specimens originally, 20 and 42 were recovered from the clay cores (mean 31.0).  The composition of matures:subadults or juveniles:immatures:cocoons was 2:9:6:3 and 2:7:33:0 for the two soil cores demon2,strating good survival and reproduction.  Although positive effects on oats and grain sorghum yield were recorded, these were not statistically significant.   Surface casts were not found, but many fine subsurface casts and burrows were recorded, especially on the sides.   This native species possibly has some potential for improving clay soils in the brigalow region from where it originates.

Amynthas minimus - survival was only reasonable in the clay soil and, in the sand, only half survived.  In one clay core, a number of Drawida barwelli were numerically dominant.  A. minimus was tested only against the sorghum crop, and the yield results were inconclusive.  However, there was a slight increase in yield from the sandy soil.  Soil surfaces were largely unaffected where only A. minimus was present, but just below the surface, granules and channels suggested a shallow zone of activity.  This species appears to persist in both clay and sandy soils, but had indefinite influence on sorghum growth over a six month period.

Heteroporodrilus bongeen - a large native species, which was a late inclusion.  Initially, it appeared to have a dramatic effect on the soil and sorghum growth since surface globules were cast and the plants were noticeably greener.  At harvest the sorghum yield was substantially increased, however no worms were recovered.  The soil matrix was pitted and drilled with large lateral and vertical burrow networks.  Possibly the volume of soil was insufficient to sustain these relatively large specimens; alternatively they may have perished from heat or flooding since they were unable to escape to depth as in the natural situation.  Further investigation of the potential of this large native species may be propitious.

5 FIELD TRIALS
Introduction

Mesocosm experiments under controlled conditions in the glasshouse allowed estimates of mechanisms and potentials but, in order to extrapolate these findings to wider applications, it was necessary to assess responses under more variable field conditions.  There were fewer precedents for introductions of earthworms to improve soil fertility in Australia than there were for some other regions of the world, particularly New Zealand.  Unlike trials in other countries, introduction attempts in Australia have not generally been preceded with glasshouse trials and have yielded variable results.  In NSW, Barley and Kleinig (1964) reported that Aporrectodea caliginosa had become established 8 years after inoculation in pastures, but only in sandy loams and not in clays.  Later surveys by Noble et al. (1970), showed that the populations in these pastures had declined, although numbers were high in embankments between irrigation bays.  Pasture yields for earthworm treatments were not significantly different, but soil bulk densities, higher in 1966, had reversed by 1968.  Contrary findings were made by Blackwell and Blackwell (1989).   Working in a similar riverine clay, they found reasonable survival of Aporrectodea caliginosa, A. longa and Eukerria saltensis, in both enclosed (mesh bag) slots and unenclosed plots, up to one year after inoculation.  In WA, initial earthworm trials with two species failed due to mortalities and migrations to fence lines (Parker, 1990).  However, later inoculations of A. trapezoides increased wheat yields by 62% (McCredie and Parker, 1992).  Two lumbricids, Aporrectodea caliginosa and A. longa were introduced in Tasmanian pastures in 1987, no growth responses were recorded until two years later when pasture yields increased by 60-75% (Temple-Smith, 1991).  Current studies in South Australia have transplanted this latter species (G. Baker and J. Buckerfield, pers. comm.).  The only known attempt to introduce earthworms in Queensland,  is the local relocation of a native, Diplotrema capella, at Emerald (Halvorsen, 1992 and L.Robertson pers. comm.).


The aims of the trials reported here were to assess under field conditions the responses of several species that had successfully increased plant yields or developed vigorous colonies in glasshouse pre-trials.  The rationale was that improvements in fertility of the soil due to the introduction of earthworms (should they survive) would stimulate pasture production.  The main area of interest was brigalow soil, but the experiment was duplicated for comparison in a different climatic zone.  This second site differed from the brigalow site in type of clay and pasture composition but both pastures were rundown.  Many of the species were trialled in common at both sites.

Materials and methods

The methodology was to inoculate sites, found by survey to have low populations, with earthworms at specific points and, after a year, to harvest the plots and compare yields between species and with uninoculated control plots.  Sampling would assess survival of earthworms and changes in soils, expressed as variations in bulk density or infiltration rate.  Species were chosen that had a high likelihood of success for reasons of fecundity, environmental tolerance and beneficial activities (as deduced from their known natural distributions and from results of glasshouse trials).

Ethics

Ethical questions of possible deleterious effects were addressed.  Species for introduction were collected from research stations free from soil-borne disease and/or had been quarantined in stock cultures, with specimens checked for pathogens or parasites.  Only occasional earthworm parasites (e.g. nematodes and gregarines) were found by dissection.   The risks of introduced worms competing with natives were reduced in that trial sites had negligible populations.   Possible problems of unrestrained spread to wider areas were discussed with various authorities and it was concluded that, since it was not intended to use species not already having wide distributions, or at least an existing potential to spread, then the methodology was not irresponsible.  To prevent possible soil contamination, specimens for release were transported in moistened soils that had previously been obtained from the release sites and had been heat sterilised.

Site descriptions and preparations 

The two sites were: 


CSIRO Narayen (2541'S,15052'E; 320 km north-west of Brisbane; altitude 280 m; climate, sub-humid tropical; average annual rain 710.0 mm).  The field site was a rundown green panic (Panicum maximum var. trichoglume) tussock pasture (Brigalow Paddock 2) on a brigalow clay (a vertisol related to a red-brown earth (Stace et al., 1968), Dr 4.13 Northcote, 1979)(Plate 5.1).  No resident earthworm populations were found.  The site was prepared (see Figures 5.1 and 5.2) by driving in star pickets at 10 m intervals along four east-west transects 10 m apart to form four blocks (traversing fertility and slope effects).  Initial dry matter yields were measured by cutting plots to a stubble height of 8 cm using quadrats 100 cm x 50 cm (0.5 m2) aligned east-west and centred on each inoculation point.  The lowest yielding plot per block was excluded (often a sparse or rocky patch or where a native grass, Urochloa sp., impinged).  Grass outside the harvested quadrats was slashed with a forage harvester to give a 10 m wide margin (buffer zone).  Two blocks were provided with irrigation: with one 4 litre hr-1 dripper about 50 cm on each side of each point, supplying water to about 1.5 m2 at a rate of 8 litres per hour (equivalent to about 66 mm per m2 per day when in operation).  It was intended to irrigate these points at intervals to supplement lower than average rainfall (making the statistical design a 2-way factorial).


CSIRO Samford (2722'S,15253'E; 23 km north-west of Brisbane in Samford Valley; altitude 56 m; climate, humid sub-tropical; annual average rain, 1105.8 mm).  This site had a mixed sward pasture containing Digitaria didactyla (blue couch), Cynodon spp.,  Paspalum spp. and Setaria spp. on a prairie-like clay soil classified (after Stace et al., 1968) as a non-calcic brown earth (Northcote Dr 

Plate 5.1  Narayen field site.
Plate 5.2  Samford field site.
4.12)(Plate 5.2).  The texture was clay-loam to about 30 cm   then  a  yellow-red clay to depth.  The rundown pasture in this paddock had not been cultivated previously (although between survey and selection it was lightly tilled with a scarifier).  It was chosen because, unlike most of the adjacent pastures, it had a low frequency of earthworms (also it was not subject to waterlogging and was free from ground legumes such as clovers).  Coincidentally, this site was bordered on one side by an experimentally planted stand of brigalow (Acacia harpophylla) plantation.   The experimental design at Samford was the same as that at Narayen, except that irrigation was not installed and the lowest yielding plots in the blocks were not excluded (cf. Figures 5.1 and 5.2).


A subsidiary trial was established at each site to monitor earthworm survival in contained mesocosms so that any  migrations could be accounted for in the main trial.  Twelve steel tubes (23 cm diameter by 33 cm) were sunk 30 cm into the ground.  Species introductions were replicated twice and the tops of the tubes sealed with 1 mm nylon mesh lids to prevent worms escaping from the surface and litter from blowing away.  Sisal wicks were inserted to remove any excess water.  At the Narayen site, these "survival tubes" were included in the irrigation line.   


Both sites were fenced and cattle excluded during the experiment.
Earthworm Species
For Narayen site only, 


Diplotrema narayensis - a native found at an adjacent irrigated site at Narayen in collectable numbers (up to 1,000 m-2) and therefore a good candidate.  In the glasshouse this species demonstrated only moderate success.  The source population also contained the similarly small exotic species Microscolex phosphoreus which, despite careful sorting, may have formed an unknown proportion of the inoculant. 


In addition, Eisenia fetida a compost species obtained from a worm farm, was introduced to two of the 'sparse' points (1E and 3E).

For both sites, 


Pontoscolex corethrurus - an exotic species, originally from Central/South America, with a wide distribution in the tropics.  Specimens were obtained from Samford.  This species in the glasshouse trials and in published reports had a positive effect on plant yield and a rapid reproduction. 


Aporrectodea trapezoides/caliginosa and E. rosea - lumbricids, of European/Middle Eastern origin, commonly used in similar field introductions around the world and found to increase yield in the glasshouse and to reproduce rapidly.  Used in combination and obtained from stock cultures in the glasshouse (where A. caliginosa was a minor component), from Samford (A. trapezoides and E. rosea) and from Kingaroy and Gayndah (a few A. trapezoides only).


Eudrilus eugeniae - a tropical earthworm from West Africa found to survive in the glasshouse and to increase plant yields.  Concern that this species, known to wander, might spread uncontrollably were mitigated by its existing wide availability in Qld.  Specimens were obtained from a Brisbane "worm farm" (who retail it as live fishing bait through a variety of outlets including a hardware store in Mundubbera, the nearest town to Narayen).


Dichogaster affinis/D. saliens - reported throughout the tropics, the original home of these species in Africa is uncertain.  Found to have a marked effect on plant growth and dramatic increases in populations in the glasshouse.  Obtained from glasshouse stock cultures, these two species are very similar in appearance and response and were used in unspecified proportions. 


Drawida barwelli and Amynthas minimus, both small exotic species of asiatic origin.  Used in a 50:50 ratio, these specimens were collected from the same location at Samford. 

For Samford site only, 


Amynthas rodericensis and A. corticis, similar medium sized asiatic earthworms.  A. rodericensis formed the majority in the collections from Samford. 


Polypheretima taprobanae, an Asian exotic, collected from Samford. 

Earthworm Inoculations 


The experimental design was randomised complete block with inoculations replicated four times per site.  One hundred  (mainly) mature specimens of each of the six or seven candidate species per site were released at the marked points and the survival tubes were inoculated as summarised in Table 5.1. The biomass added to each point was not measured but may be extrapolated from values for the survival tubes.

Table 5.1 Summary of 1992 earthworm inoculations in field trials.
___________________________________________________________







Field points
Survival tubes







____________
______________

Spp




SiteA No. (ratio)B  No. MeanMass g

___________________________________________________________

Dip. narayensis

N
100


15
 0.6

Pont. corethrurus

N+S
100


15
12.3

A.trapezoides/E. rosea
N+S
100
(75:25)
17
14.1 

Eudrilus eugeniae

N+S
100


15
10.5

Dich. affinis/D. saliens
N+S
100
(50:50)
15
 0.5

D. barwelli/Amy. minimus
N+S
200
(50:50)
30
 1.8

Amynthas rodericensis
S
100


 7
 9.9

Polypheretima taprobanae
S
100


15
10.2

___________________________________________________________

A N - Narayen; S - Samford. B mixed population ratios equivalent in field points and survival tubes.


Allocation of species to field points was determined randomly within each block.  One point per block was an untreated control.  Earthworms were introduced to the surface early in the morning, a bucket of water was added and loose litter raked over for mulch (also over the controls).  Introductions at Narayen were on February 16, 1992 (see Figure 5.1) and at Samford on March 13, 1992 (see Figure 5.2).  Drawida barwelli/Amynthas minimus releases were postponed till August, 1992 but their numbers were doubled (Table 5.1).

Maintenance and Measurements

The only maintenance was periodic inspection of sites and watering of the Narayen irrigated plots.


Harvesting at Samford was in the week commencing April, 13, 1993.  An area of 0.5 m2 centred on each point was harvested at ground level, to provide plant dry matter yields and subsamples for nutrient analysis.  As the soil was too dry for sorting, plots were progressively watered by hand with 100 litres on the day before sampling.  Infiltration rates were measured on prepared soil surfaces in each plot using a disc permeameter (basal area of permeameter disc 314.2 cm2; area of standpipe 15.5 cm2; pressure head -1 cm H20) following the methods of B. Bridge (pers. comm. as discussed in Coughlan et al., 1991).  The siting of infiltration measurements were about 20 cm west of the inoculation points (avoiding obvious surface cracks) within the harvested plots.  Paired core samples (cylinder diameter 4.67 cm), for calibration of soil moisture and for bulk density measurements, were simultaneously taken from about 20 cm east of each point.  Two sets of measurements were also taken away from the plots, to assess the status of the ambient soil.  Earthworms were sorted from 0.1 m2 quadrats, centered on the infiltration sites at each point, in layers to a depth of 30 cm (deeper holes were dug for some plots).  Soil samples were taken from each 10 cm depth and bulked to measure soil moisture.  Survival tubes were also extracted and the soil sorted for earthworms (formalin extraction was attempted in some of these holes). 


The same procedures were carried out at the Narayen site in the week beginning April 28, 1993, the only variations were that the water lines were used for irrigation of plots prior to harvesting, and soil analyses were conducted only on the plots that had been irrigated throughout the year.

Figure 5.1 Narayen field site layout
Figure 5.2 Samford  field site layout
Results
Weather data

Meteorological data from both sites for two and a half years, up to and including the experimental period, are superimposed on long-term averages (from Cook & Russell, 1983) in Figures 5.3 and 5.4.  Narayen rainfall for the 12 month period April, 1992 to May, 1993 was 444 mm, less than the annual average of 710 mm.   More significantly there were several months where rain was negligible.  The experimental period 1992/3 was subject to such prolonged drought that the Narayen stock-water reserves dried up and supplementary irrigation ceased.  Nevertheless, the Narayen irrigated plots were watered overnight on six occasions: March 6, May 12, June 29, August, 10, October 3, 1992 and April 22, 1993.  At Samford, although more humid, rain from April, 1992 to May, 1993 of 698 mm was also depressed from the annual average of 1106 mm.  


Soil temperatures at 10 cm depth were monitored at both sites over the experimental period.  Recorded temperature maxima and minima, are compared to the long-term average air temperature ranges (from Cook & Russell, 1983) in Table 5.2.

Table 5.2 Site temperature ranges recorded over experimental period, compared to long-term meteorological data (C).
___________________________________________________________ Site

Temp. of soil (@ 10 cm) 
Average air temp. 




___________________________________________________________

Narayen

 8 - 28A



 -0.1 - 39.0

Samford

10 - 31



 -1.9 - 37.4

___________________________________________________________

A possible bird disturbance to recorder in field

Figure 5.3 Narayen actual rain over study period compared to monthly average.
Figure 5.4 Samford actual rain over study period compared to monthly average.
Plant yields

Since the sites were harvested in reverse order to establishment, the Samford results are presented first, Table 5.3 gives a summary of overall site dry matter yields.

Table 5.3 Combined treatment mean dry matter yields compared to control mean yields (g per 0.5 m2) for Samford and Narayen sites and ANOVA analyses ('Sparse' treatments are excluded from Narayen analyses); n=number of replicates, sig=level of significance.
___________________________________________________________

Site

Combined 

Control
    ANOVA



Yield  (n)
Yield  (n)  sed 
p>F       sig.

___________________________________________________________

Samford
379.6 (28)
299.7 (4)
  87.54
0.098     ns

Narayen
260.0 (24)
158.1 (4)
  84.27
0.034     *  

___________________________________________________________


These combined treatment yields for Samford were higher than the controls by 26.66%, but this overall difference was not significant (0.1<p>0.05); Narayen worm treatment yields were raised significantly (p<0.05) by an average amount of 64.44% compared to controls.  Individual yields for different levels of treatment and their analyses are considered in Tables 5.4-5.11.


Samford initial plot harvests (Table 5.4) ANOVA showed no variation from random yields testifying to site uniformity before treatment (yields in the initial harvest were lower than at final harvest due to cutting above ground level and to seasonal variation).  For the final yields F-tests for block effects were not significant thus completely randomised ANOVA test were used to generate significant levels in Table 5.4.  Significantly increased yields were obtained for Amynthas rodericensis (p<0.01), Pontoscolex corethrurus and Drawida barwelli/Amynthas minimus (p<0.05) treatments. 


Samford total N and P results are given in Table 5.5.
Table 5.4 Samford dry matter harvests (g per 0.5 m2): initial results from March, 1992, final results from April, 1993.
___________________________________________________________




Initial Pre-harvest

Final Harvest




___________________  __________________

Spp


Mean±s.e. %Ctrl sig. 
Mean±s.e. %Ctrl sig.

______________________________________________________________

Amy. rodericensis 
26.5±13.12 ‑11.67 ns  
462.9±41.58 54.46 **
Pont. corethrurus
24.3±11.50 ‑19.17 ns  
444.3±84.57 48.24 *

A. trap./E. rosea 
20.8± 5.89 ‑30.83 ns  
334.7±76.89 11.66 ns

Eudrilus eugeniae
23.5±17.70 ‑21.67 ns  
321.9±33.74  7.41 ns

D. aff/D. saliens
28.3±12.26  ‑5.83 ns  
301.5±47.03  0.60 ns

Draw./Amy. min 
22.5±14.36 ‑25.00 ns  
416.1±77.35 38.82 *

Polyph. taprobanae
21.3± 1.09 ‑29.17 ns  
375.7±80.83 25.35 ns

CONTROL

30.0± 7.18   0.00     
299.7±53.88  0.00 


ANOVA lsd (7df)
19.41


  
109.15

______________________________________________________________

Table 5.5 Samford final harvest total plant N and P (g per 0.5 m2 plot) and ANOVA significance (Sig).
______________________________________________________________________






Total N


Total P






__________________
___________________

Spp



Mean  %Ctrl  Sig

Mean   %Ctrl  Sig

______________________________________________________________________

A. rodericensis 

2.94
36.12  *

0.598   76.28  *

Pont. corethrurus

3.00
39.02  *

0.684  101.90  *

A. trap./E. rosea 

2.29
 6.04  ns

0.413   21.95  ns

Eudrilus eugeniae

2.28
 5.79  ns

0.398   17.38  ns

Di. aff/D. saliens.

2.06
‑4.51  ns

0.438   29.08  ns

Drawida/Amy. minimus 
2.66
23.46  ns

0.575   69.50  *

Polyph. taprobanae

2.51
16.26  ns

0.460   35.67  ns

CONTROL


2.16
 0.0 


0.339    0.0   

ANOVA lsd (7df)

0.596



0.185

______________________________________________________________________


Three treatments showed significant increases in nutrients compared to the controls: A. rodericensis and Pont. corethrurus for both N and P and Drawida/A. minimus for P.  In general N yields were commensurate with the dry matter yields while total P responses tended to be proportionally higher than dry matter or N.


For Narayen dry matter harvests, randomised complete block ANOVA showed that differences between blocks were not significant, thus completely randomised design ANOVA tests were performed (in Table 5.6).  Sparse plots were retained for comparison, since equal variation between plots is assumed.  Inclusion of this treatment makes no difference to the ANOVA test, but this treatment is henceforth ignored for plant responses). 

Table 5.6 Narayen dry matter harvests (g per 0.5 m2): initial results from February, 1992, final results from April/May, 1993.
__________________________________________________________




Initial Pre-harvest

Final Harvest




______________________   _________________________

Spp


Mean±s.e.
%Ctrl  sig. 
Mean±s.e.
%Ctrl
sig.

______________________________________________________________

Dip. narayensis     
 87.8±51.53
 45.9   ns  
287.6±73.98 
81.9
*


Pont. corethrurus  
 81.6±27.88
 35.6   ns  
222.9±116.1 
41.0
ns

A. trap./E. rosea  
107.5±34.46
 78.8   ns
233.6±56.55 
47.7
ns

Eudrilus eugeniae  
133.6±35.38
122.2   *   
290.7±72.92 
83.9
*

D. saliens/D. aff.  
 85.4±35.11
 41.9   ns  
227.5±40.14 
43.9
ns

Drawida/A. min.
113.5±51.40
 88.7   ns  
297.9±74.92 
88.5
*

Sparse

 35.4±14.21
‑41.5   ns  
163.4±61.66 
 3.3
ns

CONTROL

 60.3±16.17
   0 
 
158.1±72.08 
  0 

ANOVA lsd (7df)
 60.29



127.56

______________________________________________________________________


In the initial Narayen harvests, only the yield from plots to which Eudrilus eugeniae was allocated differed significantly from the control treatments.  Final harvest overall variation between treatments were significant (p>F=0.0339 *, 7 df), and certain treatments differed significantly compared to controls (as indicated in Table 5.6).  Specifically, plots with Diplotrema narayensis, E. eugeniae and Drawida barwelli/Amynthas minimus treatments all demonstrated significant mean yield increases, compared to the control yield, of greater than 80%.


Worm treatments and irrigation interactions at Narayen were investigated further.  No significant block effects were detected using 2-way randomised complete block ANOVA, thus earthworm treatments were added within each type of block for comparison using completely randomised ANOVA, as summarised in Table 5.7.

Table 5.7 Narayen combined worm treatment mean dry matter yields compared to controls (g per 0.5 m2) partitioned for irrigation treatment effects (%Ctrl).
_____________________________________________________________________

Treatment

(n)
Irrigated      Unirrigated
Mean total





Bks 1 & 2    Bks 3 & 4

___________________________________________________________

Spp treatment 
(12)
 280.3a
 239.8a 
  260.05

Control mean
( 2)
  92.1b
 224.2a
  158.15

%Ctrl (%)


 204.3 **
   7.0 ns
   64.4

___________________________________________________________

ab different superscript letters differ significantly (p<0.01).


A highly significant combined treatment response, compared to the control, was found only under irrigation. The irrigated control mean tended to be lower than the unirrigated control, the possible reason for this was invertebrate herbivory (discussed later). 


Further comparisons of individual treatments in irrigated and unirrigated blocks used 2-way randomised block ANOVA (Table 5.8).

Table 5.8 Narayen plant dry matter yields (g per 0.5 m2 plot), block (Bk) means, ANOVA significances (sig.).

___________________________________________________________




Irrigated
  

Unirrigated




___________________ _____________________

Spp


Bk1
Bk2  Mean  sig
Bk3
Bk4   Mean  sig

______________________________________________________________________

Dip. narayensis
287.9 
404.9 346.40 ** 
253.3 
204.2 228.75 ns

Pont. corethrurus
155.5 
422.3 288.90 *  
178.2 
135.7 156.95 ns

A. trap./E. rosea 
259.6 
143.9 201.75 ns 
297.4 
233.3 265.35 ns

Eudrilus eugeniae
412.7 
271.5 342.10 ** 
220.1 
258.6 239.35 ns

D. saliens/D. aff.
162.6 
248.5 205.55 ns 
229.1 
269.8 249.45 ns

Draw./Amy. min. 
355.5 
238.7 297.10 *  
387.1 
210.3 298.70 ns

Control

 79.6
104.6  92.10

263.1 
185.2 224.15

lsd (n=7) 



    = 182.436




  




Total mean

253.41a      
  

237.53a
lsd (n=2) 



    =  68.955

______________________________________________________________________

a total block means do not differ significantly (p>0.05).


Considering the combined variation of irrigated and unirrigated plots, neither treatment nor block effects were significant.  However, individual treatment mean yields in the irrigated blocks exceeded those of the irrigated control significantly for all except Aporrectodea trapezoides/Eisenia rosea and Dichogaster spp..  In the unirrigated blocks, the differences in mean worm treatment yields compared to the controls were only slight.  Variation analysis showed no significant difference in total mean yields between irrigated and unirrigated blocks overall (Table 5.8 mean yields of 253.4 g and 237.5 g, respectively).


Analyses using randomised complete block design ANOVAs for total plant N and P results are presented in Tables 5.9 and 5.10.

Table 5.9 Narayen total plant N yields (g per 0.5 m2 plot), block (Bk) and treatment means and ANOVA significances (sig.).
______________________________________________________




Irrigated
Unirrigated




_______     _________

Spp


Bk1   Bk2   Bk3   Bk4  
Mean   %Ctrl sig.

_________________________________________________________________

Dip. narayensis
2.07  2.27  3.09  2.47
2.475  50.94   *

Pont. corethrurus
1.20  1.98  1.87  1.83
1.720   4.96  ns

A. trap./E. rosea 
1.87  0.96  3.03  2.52  
2.095  27.84  ns

Eudrilus eugeniae
2.15  1.66  2.31  2.95  
2.268  38.13  ns

D. saliens/D. aff.
1.22  1.49  2.73  2.19  
1.908  16.19  ns

Draw./Amy. min. 
1.35  1.38  4.06  2.29 
2.270  38.60  ns

Sparse

1.66  1.84  1.41  1.67 
1.645   0.23  ns

CONTROL

0.69  0.67  2.89  2.32
1.643   0.0

ANOVA lsd (7df)




0.824

Bk Mean (lsd 3 df)
1.53a 1.53a 2.67b 2.28b
______________________________________________________________

ab Block means with different letters differ (p>0.05).


Significant block effects were detected for total N yields: the irrigated blocks yielded significantly less N than the unirrigated blocks (due to seed production and predation?).   For total P yields the situation was reversed, and one irrigated block outyielded both of the unirrigated blocks.  Within this variation, the significance of the treatment effects were manifest (Tables 5.9 and 5.10).  Diplotrema narayensis treatments were the only ones to show significantly increased mean total N yield compared to the controls (this suggests an N-stimulation mechanism by this species).   The total P percentage increases corresponded with the increases for plant dry matter, although for P these were proportionately higher.

Table 5.10 Narayen total plant P yields (g per 0.5m2 plot), treatment and block (Bk) means and ANOVA significances (sig.).
____________________________________________________




Irrigated
Unirrigated




_________  __________

Spp


Bk1   Bk2   Bk3   Bk4  
Mean  %Ctrl sig.

______________________________________________________________

Dip. narayensis
0.98  1.26  0.58  0.31
0.781 111.01  *

Pont. corethrurus
0.44  1.27  0.45  0.27 
0.605  63.46  ns

A. trap./E. rosea 
1.12  0.58  0.68  0.47
0.711  92.06  ns

Eudrilus eugeniae
1.53  0.81  0.37  0.65   
0.841 127.17  *

D. saliens/D. aff.
0.46  0.80  0.62  0.62   
0.622  68.22  ns

Draw./Amy. min. 
1.00  0.88  0.85  0.38
0.778 110.27  *

Sparse

0.50  0.72  0.19  0.21   
0.405   9.47  ns

CONTROL

0.23  0.41  0.53  0.31 
0.370   0.0 

ANOVA lsd (7df)




0.407

Bk Mean (lsd 3 df)  0.78ab0.84a 0.53bc0.40c
______________________________________________________________

abc Block means with different letters differ (p>0.05).

Earthworm recovery

Samford results are presented in Tables 5.11 and 5.12,  followed by those for Narayen.  Recovery was generally poor due to the dry conditions, therefore counts were not transformed to means. 


Specific plot densities were low, except for Pontoscolex corethrurus, Aporrectodea trapezoides/Eisenia rosea and Polypheretima taprobanae (the matures of which had regressed clitella and were coiled in aestivation).  There was much contamination, especially in the control plots, with Pontoscolex corethrurus, Amynthas minimus and Dichogaster spp.  This probably represented background populations, attracted or activated by the added moisture, rather than cross-migrations.  Survival tube results are presented in Table 5.12.

Table 5.11. Recovery of earthworms from Samford plots (matures, unless otherwise stated; No. and mass are 0.1 m-2; TOT No.= total count for 0.4 m-2).

___________________________________________________________

Spp


Block 1
Block 2
Block 3
Block 4
TOT




No. (g)
No. (g)
No. (g)
No. (g)  
No.

______________________________________________________________________

A. rodericensis
0

0d

0

0

 0

P. corethrurus
2a (0.04)
5e (1.00)
0

3n (0.15)
10

A.trap./E. rosea
0

4f (0.16)
1j(0.10)
1o (0.04)
 6

Eu. eugeniae
0

0g

0k

0

 0

Dichogaster spp.
2b (0.06)
0

0

0

 2

Drawida/Amynthas
0

1  (0.06)
0l

0

 1

P. taprobanae
4  (2.40)
5h (1.66)
2 (1.40)
22p(5.59) 
33

Control

5c (0.22)
5i (0.67)
1m(0.05)
0

11

______________________________________________________________________

a cocoons.

b plus 1 Pont. corethrurus immature (0.06 g).

c 4 A. minimus matures and 1 Pont. corethrurus immature.

d plus 2 Octochaetona beatrix immatures (0.09 g).

e 2 immatures and 2 viable plus 4 empty cocoons plus 1 A. minimus and 1 Dich. saliens (0.03 g).

f 1 immature and 3 cocoons.

g plus 2 Pont. corethrurus immatures and 1 cocoon (0.23).

h plus 1 A. minimus (0.02 g).

i 1 Dich. saliens and Pont. corethrurus, including a cocoon.

j plus 1 A. minimus and Dich. saliens (0.04 g).

k plus 1 Dicho. saliens (0.06 g).

l plus 1 Pont. corethrurus immature (0.16 g).

m 1 Dicho. saliens
n 1 immature and 2 cocoons.

o plus 1 Dich. bolaui and 1 Dicho. saliens (0.04 g).

p 11 matures, 6 immatures and 5 cocoons. 


Narayen field site recovery was low, as expected under the dry conditions.  It is remarkable that some live earthworms were found: two Aporrectodea trapezoides sub-adults (0.75 g) from plot 2G and eight Eisenia rosea immatures (0.42 g), plus part of a larger specimen (0.14 g - identified by position of dorsal pores), from plot 1B.  An empty cocoon of Pontoscolex corethrurus was also found in plot 1G at 20-30 cm depth.   Survival tube populations declined, only one small and tightly coiled Aporrectodea trapezoides (diameter about 3 mm and 0.02 g) and three (empty) cocoons were found in the Aporrectodea trapezoides/Eisenia rosea tubes and two (viable) cocoons in one of the Pontoscolex corethrurus tubes.

Table 5.12. Recovery of earthworms from Samford survival tubes.
___________________________________________________________

Spp



Replicate 1

Replicate 2





No. 
mass (g)

No. mass (g)

___________________________________________________________

A. rodericensis
0



0

P. corethrurus

0



14C (0.52)

A.trap./E. rosea
0



0

Eu. eugeniae

0



0

Dichogaster spp.
1A (0.01)


0

P. taprobanae

5B (1.77)


0

___________________________________________________________

A plus Pont. corethrurus 1 sub-adult and 9 cocoons; A. rodericensis 1 cocoon; P. taprobanae 1 cocoon (0.41 g).

B 1 mature (recovered by formalin extraction) and 4 cocoons.

C 2 sub-adults and 12 cocoons.

Soil characteristics

The mean soil moisture content (at 2-10 cm depth) for pre-wetted control plots at Samford was 28.3%, while adjacent dry soils (n=2) had only 15.3%.  For Narayen, the mean soil moisture of the irrigated control plots was 36.2% while ambient dry soil had a mean of 11.5%.  Soil moistures, bulk densities and infiltration rates for Samford are shown in Table 5.13 and for Narayen in Table 5.14.  The average infiltration rates were calculated for 75 cm water (or 12 minutes, whichever was the sooner) from the disc permeameter tube (5 cm diameter) - sorptivity and hydraulic conductivity measurements are not presented as they form part of a separate study.
Table 5.13 Samford soil characteristics (means, n=4).
___________________________________________________________

Spp



Soil MoisturesA - %






_______________ BD(2-10cm) Infiltration





0-30cmA
2-10cm
g/cm3  
cm/s 

___________________________________________________________

A. rodericensis
29.3

31.2  
1.07

0.40

P. corethrurus

28.7 
29.4  
1.09 
0.45  

A.trap./E. rosea
27.2 
30.8  
1.09 
0.49 

Eu. eugeniae

32.5 
32.0  
0.98 
0.50 

Dichogaster spp.
28.8 
29.5  
1.02 
0.42 

Drawida/Amynthas
32.0 
30.1  
1.10 
0.51 

P. taprobanae

29.1 
29.3  
1.00 
0.43 

Control


30.3 
28.3  
1.03 
0.43 

ANOVA lsd (7df)
 7.41
 5.37
0.172
0.174

___________________________________________________________

A 0-30cm after pre-wetting and infiltrometry, 2-10cm after pre-wetting only (used to calculate bulk densities).

Table 5.14 Narayen soil characteristics, irrigated plots only (means, n=2).
___________________________________________________________

Spp



Soil MoisturesA - %






_______________ BD(2-10cm) Infiltration





20-30cmA
2-10cm
g/cm3  
cm/s 

___________________________________________________________

Dip. narayensis    
35.7

34.9 
1.11  
0.16 

P. corethrurus
   
29.0

31.2 
1.10  
0.09 

A.trap./E. rosea  
31.2

35.2 
1.05  
0.15 

Eu. eugeniae
   
33.3

36.0
 
1.05 
0.22 

Dichogaster spp.  
33.2

35.9
  
1.16 
0.14 

Drawida/Amynthas  
27.6

33.8 
1.13   
0.14 

Sparse plots
   
36.8

37.1   
1.08  
0.19 

Control

   
31.4

36.2 
1.00   
0.15 

ANOVA lsd (7 df) 
10.57
 9.58
0.192
0.145 

___________________________________________________________

A 20-30cm after pre-wetting and infiltrometry, 2-10cm after pre-wetting only (used to calculate bulk densities).


Differences between treatments and controls were not significant, at either site, probably due to variations obscuring effects of treatments at the level of replication used.  Responses between the Samford treatments were small and significant differences were not detected in separate ANOVA tests.  Narayen plots were more variable: soil moistures tended to be slightly higher (e.g. Diplotrema  narayensis  and sparse plots)  or lower  (e.g.  Drawida/Amynthas  and Pontoscolex corethrurus), while bulk densities tended to be higher, infiltration rates were either higher (as for Eudrilus eugeniae) or lower (as for Pontoscolex corethrurus).  Due to this variation, combined worm treatment comparisons were not attempted. 

Discussion

Plot harvests showed mean dry matter increases for each species treatment at both sites, several being significantly higher than control yields.  It is notable that plot harvests, although measuring yields at points of introduction rather than in the general area, demonstrated increases for a period of only about one year and this under exceptionally dry conditions when earthworm (and plant) activity was considerably restricted.  Responses from Samford, though slightly more humid, tended to be lower than the irrigated plot responses at Narayen.  Samford combined worm treatment mean yields, compared to controls, showed an increase of about 26.7% from 299.7 g to 379.6 g per 0.5m2 plot.  This difference was not significant (p>F=0.098), but some individual treatment means were significantly greater than control yields.  For Narayen, overall yields were raised significantly (p>F=0.034 *) to 260.0 g compared to 158.1 g for control plots (i.e. an average of 64.4%).  These latter dry matter yields were equivalent to 5.2 t ha-1 against 3.2 t ha-1, i.e. an increase of about 2.0 t ha-1.  Within the Narayen irrigated plots alone, a treatment increase of 204.3% over the control yields was found which was equivalent to about 3.8 t ha-1.


Most benefit from earthworms in the Narayen soil was derived from the irrigated plots.  This is especially remarkable since the N data indicated that the harvested yields were probably only a proportion of that realised.  The irrigated plots had lower total N yields compared to the dry plots: means, including controls, were 1.53 g N per plot and 2.48 g N per plot, respectively.  Yet total dry matter yields from all irrigated plots (of mostly poor quality straw) were about 12% higher.  These results indicate that plant responses were more complicated that the simple plant yields suggested.  Irrigated plots were watered the week before harvest (but not in the preceding six months), thus the relative variation in N may have been either a product of watering earlier in the experiment or a response immediately prior to harvest.  Watering caused immediated growth responses e.g. the shoots greened overnight.  This was probably due to metabolic translocations of stored N from roots to crowns/shoots (Bushby et al., 1992) and the onset of nutrient uptake.  It is speculated that much of this translocated N was subsequently lost through seed production or invertebrate herbivory.  Evidence for this latter case was that the irrigated control dry matter yields were lower than the unirrigated controls by about 143%.  The verdant watered plots, especially obvious in contrast to the surrounding scorched vegetation, would have attracted many insects. 


At Samford, yield responses were less striking than at Narayen.  A contributory factor may have been that the control yields at establishment were, by chance, slightly higher than any other plot, therefore actual treatment increases may have been relatively diminished.  Moreover, at harvest some of the Samford control plots were found to be colonised by earthworms, which may have influenced the results.  Alternatively, the effects of earthworms may be less pronounced when, as was found at Narayen for unirrigated plots, soil moisture is restricted.


Species associated with increased dry matter yields for the Samford plots were Amynthas rodericensis, Pontoscolex corethrurus and Drawida barwelli/Amynthas minimus.  These latter two treatments also showed increased yields at Narayen, as did Diplotrema narayensis (also plant N and P) and Eudrilus eugeniae, but only in the irrigated plots.  The initial yields for the Narayen plots to which Eudrilus eugeniae were allocated started from higher than average.  Some of the field results did not support earlier glasshouse findings.  For example, species such as Dichogaster spp. showed remarkable responses in the glasshouse yet tended to do least well under field conditions;  probably this worm is particularly dependant on high soil moisture.  Neither were significant plant yield increases recorded, at either site, for the lumbricids Aporrectodea trapezoides/E. rosea, despite promising glasshouse results.


Recovery of the introduced species from plots was poor.  This is mainly attributed to the prolonged drought. Smaller species, Dichogaster spp., Drawida barwelli, Amynthas minimus and Diplotrema narayensis, which have high surface:volume ratios (meaning they are less able to conserve body moisture), suffered especially.   As the soil was thoroughly searched to 30 cm depth it was unlikely that even these smaller species would have been overlooked.  The possibility of aestivation at greater depth was not disproved (formalin extraction was unlikely to have recovered worms in this state).  Observation of surface casting activity during periodic inspections in the early stages of the trials indicated that many species survived initial introduction.  Only Polypheretima taprobanae appeared to have reasonable survival at Samford.  This conclusion was refuted by inspection of the sites of collection of the trial species at Samford (mostly alluvial loams) which revealed that most populations were still active.  The only species not coincident were the exogenous Eudrilus eugeniae and Dichogaster affinis.  Thus, failure to detect specimens during sampling did not preclude migration and aestivation at depth to avoid the arid conditions.  Low recovery from "survival tubes", where field extremes may have been intensified by temperature conduction by the metal tubes,  neither confirmed nor denied this option.  Similarly at Narayen, Diplotrema narayensis was not detected in the experimental site but specimens were found in an adjacent paddock where a cattle trough leaked.  Introduced species persisting at Narayen (only in irrigated plots) were Aporrectodea trapezoides, Eisenia rosea and Pontoscolex corethrurus.  The  numbers recovered, although low, were not insubstantial when it is realised that, potentially, but one of these parthenogenic specimens is required to repopulate when conditions become favourable. 


The mechanisms of the observed plant increases were elusive.  Plant physiological responses, expressed as nutrient fluxes, were only partly determined as the climatic and biotic stresses appeared to overwhelm treatment effects.  However, soil moisture was a necessary component of the earthworm mediated plant enhancement, as evinced in the irrigated plots.  Simplistically, if there is insufficient moisture for worm survival then there is no response.  This implication is supported by the many glasshouse trials that demonstrated improvements in the presence of certain species when soil moisture levels were maintained.  Possibly, when extra moisture is available, either through extraneous moisture supply (irrigation or rain) or indirectly through the proven beneficial effects of worms on soil moisture capacities, then plant responses are restricted by the next limiting factor.  In the case of Narayen when water was supplied, mineralization and cycling of plant available N may have been stimulated.  In the irrigated plots this was expressed as greater plant growth but, due to the selective removal of enriched plant material by insects (as discussed above), this was only demonstrated as  increased plant N for one species, Diplotrema narayensis. 


Provision of extra N from mortality of introduced earthworms was considered a minor factor in yield responses.  The maximum amount of N added to points, say for Eudrilus eugeniae treatments (based on biomass added of about 70 g per plot, and N content estimation of 2% wet weight), was about 1.4 g N ( 28 kg ha-1).  Whereas, say in the Narayen unirrigated plots, this figure represented a relatively large proportion of the total plant N yield (mean yield from these plots was 2.5 g per plot), it was a negligible fraction of the soil total N pool (labile or otherwise, extrapolated from figures of a soil total N in 0-15 layer mean of 0.33% (Catchpoole, 1984) and a bulk density of 1.0 cm-3) of approximately 123.8 g N per 0.5 m2.   Most species treatments had much lower added biomass (and therefore added N) and, even if these had proliferated, migrations from points of introduction would probably have given lower concentrations of N than in the above calculations.  Furthermore, differences in plant total N yields from Narayen unirrigated control plots (which received no earthworms) compared to the worm treatment plots (where mortalities were highest) were only slight.   


Natural variation in soil physics results obscured effects of the earthworm treatments.  These results tend to concur with those of Springett et al. (1992) (although the temptation to decrease the level of significance to p>0.1 was avoided for the results presented here).  Greater infiltration rates noted in the glasshouse in the presence of several species (e.g. Eudrilus eugeniae which gave times 20 improvement) were not demonstrated in the field.  Observations in the field of casts and burrows (especially for Eudrilus eugeniae, Pontoscolex corethrurus and Aporrectodea trapezoides) were not detected in the soil density nor infiltration analyses.  This defect may be attributed to combined effects of low numbers of replicates, reduced faunal activity and soil structural changes following wetting and drying having masked treatment responses.  Especially the Narayen soil forms deep cracks (i.e. which increases infiltration and reduced bulk density) when dry, as was observed in the irrigated control plots and in several unirrigated plots.  Alternative assessment methods that are more refined, such as those discussed by Coughlan et al. (1991) and in Crossley et al. (1991), e.g. aggregate stability tests, clod shrinkage modelling or thin section micro-morphology, are perhaps more appropriate to detect biogenic changes in these types of soils.


Irrigation at Narayen (equivalent to approximately 400 mm of water in total) hardly compensated for below average rain, the dry periods were particularly prolonged.  Yet this extra water resulted in dramatic responses.  In more average years the results, for both Narayen and Samford, would probably have been much different.  Since neither field site was dismantled, future sampling under more amenable conditions may resolve several of the issues raised by this study.


The positive results obtained from these field experiments allow some recommendations for earthworm introduction in clay soils.  Best results may be obtained through introduction of combinations of species.  Although not the most productive, the lumbricids Aporrectodea trapezoides and Eisenia rosea offer great potential through their ability to endure these arid clays.  Pontoscolex corethrurus has demonstrated a similar tolerance for a wide range of habitats (i.e. is eurytopic) and has a high fecundity.  A greater diversity of species survive in more humid tropical climates; at Samford the pheretimoid species, Polypheretima taprobanae and Amynthas spp. appeared particularly suitable.  Soil management practices that conserve soil moisture, such as drip irrigation or mulch covering enhance survival and may stimulate populations of endemic species.  It is not the general ambient conditions that determine survival, rather the immediate microclimatic conditions.  Just as species such as A. trapezoides and E. rosea have been recorded from deserts in North Africa (e.g. El-Dweini & Ghabbour, 1965; Al-Yousuf & Shoreit, 1992), not generally distributed but in local pockets, so may survival be enhanced in brigalow soils if suitable refuges are available.  Management techniques that conserve moisture such as maintaining vegetation cover or use of contour banks, may provide such habitats. 

6 CONCLUSIONS

The problem that this study sought to answer concerned earthworm survival in field soils and their potential to stimulate cycling of plant-available nutrients in rundown pastures on brigalow clays.  The brigalow region is confined to isohyets of 500-750 mm (Isbell, 1962), but rainfall is erratic and has been identified as a major reason for low productivity of these soils; when moisture is adequate soil nitrogen becomes limiting (Peake et al., 1990).  Rates of fertilizer N needed to lift the productivity of rundown pastures are in the order of 100 kg ha-1 each year (Myers & Robbins, 1991).  Both the problem of nutrient cycling and insufficient soil moisture are potentially solvable through introduction of earthworms.  Numerous reports in the literature have shown how, in environments with moderate earthworm populations, stimulation of N-cycling is frequently in the range of the fertilizer requirement figure given above (Lee, 1985).  Although stimulation of rain is not an option, earthworm activity may provide an equivalent advantage through improvements in infiltration and soil moisture holding capacity.  An increase in available moisture equivalent to 18 mm was reported by Stockdill (1982) following earthworm inoculation in New Zealand soils.  Advantages of amounts as small as this are critical in areas of marginal rainfall such as the brigalow region.


The current study confirmed the poverty of the earthworm fauna in the areas of the brigalow region that were surveyed, mainly due to low soil moisture.  However, of those species found, native Diplotrema spp. appeared dominant.  Surveys in adjacent areas located a greater range of species, and from these and from preliminary glasshouse trials, an indication was obtained of which species appeared promising for field introduction through their distribution, survival and/or plant enhancing characteristics (see Table 6.1).  A selection of candidate species were tested in a brigalow soil and, after one year, some survivors were recovered (of Aporrectodea trapezoides, Eisenia rosea and Pontoscolex corethrurus) and plot yields of grass were significantly lifted by about 204% in partially irrigated plots.  Earthworms may therefore be a valid consideration in wider scale management options to restore productivity of pastures on these soils.


A wide diversity of earthworms were investigated and variable responses were obtained, depending on the species and the conditions they were tested under (Table 6.1).

Table 6.1.  Summary of species investigated, their relative size range (med - medium), type of test (L - laboratory, G - glasshouse and F - field) and an indication of their potential to survive in and to improve fertility of managed soils (* - poor; ** - moderate; *** - good). 
_____________________________________________________________________

Spp




Size
Trial 

Survival  
Soil fertility

_____________________________________________________________________

A. Exotics
1  Drawida barwelli 

small
GF

**

**

2  Pontoscolex corethrurus 
med
LGF

***

**

3  Aporrectodea caliginosa 
med
LGF

**

**

4  Aporrectodea trapezoides
med
LGF

***

**

5  Eisenia fetida 


med
LGF

***

*

6  Eisenia rosea 


med
LGF

***

**

7  Eukerria saltensis

small
G

**

*

8  Gordiodrilus elegans 

small
G

*

*

9  Ocnerodrilus occidentalis
small
G

*

*

10 Eudrilus eugeniae

med
LGF

**

**

11 Microscolex phosphoreus 
small
GF       
*

*

12 Octochaetona beatrix

med
G

**

*

13 Dichogaster affinis

small
GF

***

***

14 Dichogaster bolaui

small
LG

*

*

15 Dichogaster saliens

small
GF

***

***

16 Perionyx excavatus

med
G

**

***

17 Amynthas corticis

med
F

*

*

18 Amynthas minimus

small
GF

**

**

19 Amynthas rodericensis

med
LGF

**

**

20 Metaphire californica

med
G

**

**

21 Polypheretima elongata
long
LG

***

***

22 Polypheretima taprobanae 
med 
LGF     
**

**

B. Natives
23 Diplotrema capella

med
G

**

**

24 Diplotrema narayensis

small
LGF

**

**

25 Digaster brunneus 

large
G

*

*

26 Heteroporodrilus bongeen 
large
G

*

**

27 Fletcherodrilus unicus

large
LGF

**

***

28 Spenceriella minor

small
G

*

*

_____________________________________________________________________

Closely related species gave different responses when tested together, thus generalisations about the suitability of particular genera are inappropriate.  Rather, it is the nature of the particular species that confer beneficial status for soil amelioration.  Such result-dependencies pose problems when attempting to correlate work with, and between, the findings of other workers (although there were few precedents for the species-soils combinations used here).  


Results obtained in the glasshouse tended not to correlate with field results, even when the same species were used.  In general, only modest plant responses were obtained in the glasshouse trials where realistic populations of earthworms were used.   Moreover, not all species showed improvements in plant yields (contrary to general beliefs), plant responses for some were marginal and a few showed deleterious effects under the methods of study.  Conclusions were that care is required when designing glasshouse experiments and also when extrapolating results to the field situation.  This is because different factors apply in these distinct environments.  Nevertheless, it was clearly demonstrated that earthworms can have profound effects on soil fertility and plant growth.  Their presence should therefore be accounted for when conducting agronomic experiments and the "earthworm component" should be incorporated in modelling of crop growth and management options (as discussed recently by Sharpley et al., 1992). 


The glasshouse models of this study had well-watered soils and fluctuations in diurnal temperature may have been more extreme than those encountered in nature.  In the field, inconsistent rain meant that earthworm survival was considerably reduced and for several species the predicted plant enhancements were not met.  For example, Dichogaster affinis showed a logistic growth in soil cores and substantially enhanced plant growth, yet they did less well in the field.   Conversely, an interesting finding was that dry and apparently worm-free soils from several field sites rapidly acquired populations when watered, probably form dormant stages (e.g. cocoons or aestivation) or from cross-migrations.  Physical barriers are required to prevent such migrations and test soils should be sterilised either by heating, as in these trials, by microwave (e.g. Wright et al., 1989) or by chemical means (e.g. Edwards & Lofty, 1978).  The importance of sorting soils for earthworms, neglected in some earlier investigations, was also emphasised.  Overpopulation of the restricted mesocosm habitat may have influenced some results.  This was exemplified by Polypheretima elongata where an expanding population resulted in compaction of the clay soil and direct competition with plants for nutrients.  When the size of the mesocosms was increased, plant growth was enhanced.  Through its preference for clays and production of extensive burrows which open channels for the entry of water, this species may yet prove beneficial in certain field situations and warrants further investigation.  Several species tended to escape from cores, possibly in response to resource limitation, although some probably had an innate propensity for migration (e.g. Eudrilus eugeniae and Fletcherodrilus unicus). 


Despite these restrictions, pot experiments permitted rapid assessment of potential responses and allowed the mechanisms to be investigated.  Because water was non-limiting in the glasshouse, the plant stimulation was attributed to factors other than improvements of soil moisture characteristics (even though several species increased infiltration rates).  Conversely, in the field, low soil moisture restricted earthworm survival and plant growth.  Where supplementary irrigation was used marked positive responses were obtained.  Soil moisture was therefore an essential component of the interaction of earthworms with plants but was not the only factor involved.


Correlation between plant growth and total plant N (and to a varying degree P) indicated differential rates of uptake related to the availability of these nutrients.  Earthworms probably contributed most to availability of plant nutrients through excretion and secretion of N and the stimulation of rates of liberation and mineralization of soil organic reserves through their activities of digesting, mixing and voiding soils.  Nutrients derived from earthworm bodies through mortality were considered a less important source of nutrients in most cases.  When dead earthworm material was added to glasshouse cores no increases in plant yield were found and the amount of nutrients added (especially to field plots) were deemed insufficient to explain plant responses.  Moreover, total earthworm biomass tended to increase rather than decrease in the glasshouse (and dead worm material added to the control soils compensated for this factor).   Casts were shown to have higher mineral contents than topsoils in several cases, although due to aging and impurity these levels of concentration were lower than in some previous reports.  Dichogaster spp. and Eudrilus eugeniae had significantly higher nutrients in casts and some species were found to cast prolifically e.g. Eudrilus eugeniae, Pontoscolex corethrurus, Aporrectodea trapezoides, Metaphire californica and Polypheretima elongata.  Stimulation of soil mesofauna and microorganisms and release of plant growth-promoting substances, although possibly important aspects, were not investigated.  The conclusion, agreeing with Wright and Coleman (1988), was that increased nutrient uptake by plants was due to combinations of many interacting effects.


Many of the apparent species-specific soil and plant responses, mentioned above, may be attributed to the differential rates of reproduction and levels of activity.  Some species showed high fecundity (r-strategists) e.g. Dichogaster spp., Aporrectodea spp., Pontoscolex corethrurus and Polypheretima elongata while others had only moderate fecundity or the populations declined, particularly for some larger species (K-strategists) e.g. Digaster brunneus and Heteroporodrilus bongeen.  Although most trials were conducted using species separately, applications using combinations would perhaps stimulate greater levels of response.  Problems of survival would be overcome and niche partitioning effects may result in greater resource utilisation and modification of the soil thereby enhancing the survival prospects of other species.


A drawback of extension of findings from this (and of similar studies elsewhere), to recommendations for farmers and growers is that the species that have been found to be beneficial are not available from suppliers.  The earthworm species most commonly bred in Australia is Eisenia fetida, which is unsuitable for introduction to field soils.  For tropical regions, Eudrilus eugeniae and Perionyx excavatus are available, but widespread distribution of these is inadvisable without further research into their effects on soil structural stability and competition with native fauna.  There is a need to culture a wider range of species which are suitable for inoculation in field soils such as Lumbricus rubellus, Lumbricus terrestris and Aporrectodea trapezoides, all of which are available from  worm farms in the USA (Gates, 1972), and other species for which potential has been indicated such as Polypheretima elongata, Pontoscolex corethrurus and Fletcherodrilus unicus.  Another possible problem of earthworm introductions concerns the correct identification of species, essential for searches of the literature and for correlation of studies.  There is a need to provide simple yet complete keys to earthworms, that are accessible for the non-specialist, similar to those available for identification of some other groups of soil fauna (eg Moldenke et al., 1991).  However, these obstacles are not prohibitive for implementation of earthworm inoculation on the local scale.  Most landowners are resourceful, good at forming networks and concerned about the environment as demonstrated by their involvement in the Australian Landcare Movement (Sriskandarajah & Dignam, 1992).  Earthworm stock may be obtained from neighbouring properties which have well populated soils, and these earthworms would also be pre-adapted to the conditions of the local environment. 


Economic advantages of use of earthworms were not calculated but, after moderate initial costs of treatment, these would be equivalent to the returns from increases in crop or pasture yield or from the reduction in land demand (resulting from higher yields) by a concomitant amount.  In New Zealand, Stockdill (1982) estimated that earthworm introduction was the most profitable opportunity to farmers with cost-benefit analysis at values current at that time, giving a return on each $1 invested of about $3.5 in benefit.  Adoption of management practices that aim to maintain soil fertility and conserve soil moisture (e.g. opportunity cropping, contour banks, mulching or irrigating) are interrelated with ensuring the survival of earthworms. 


Environmental advantages of earthworms over other methods of improving fertility are that, as biological entities, they breed and spread.  The potential is for a single point treatment rather than repeated broadscale practices such as cultivation or chemical fertilization.  Moreover, their activities, linked to soil moisture as are those of plants, occur in synchrony with the nutrient demands of plants (Lavelle, 1988).  


Findings, reported here, of improvements in plant yield with some species of earthworm were remarkable, even over short periods.  However, accumulations of lesser improvements in soil fertility may, in time, lead to transformations of great magnitude.  It is hoped that the results of studies such as these contribute in some way to greater appreciation and understanding of the ecological role of the diverse, yet often neglected, earthworm fauna of our managed soils in Australia.

PART 2
TAXONOMY
Warning:  A PhD thesis is not a valid publication under the rules of ICZN, thus the names that I have given to new taxa should not be quoted prior to their formal publication.  Such an action would lead to confusion and would invalidate these given names which would become noma nuda.

Introduction

Earthworms under consideration here are the terrestrial members of the Superorder Haplotaxidea (Annelida:Oligochaeta) i.e. orders Moniligastrida and Opisthopora, but only including the Terrimegadrili (after Jamieson, 1988) of the latter group.  Smaller, aquatic "microdrile" groups are excluded, even though taxa such as the Enchytraeidae contain terrestrial members.
 


Current species of terrestrial "megadrile" earthworms number about 3,000 (Lee, 1985) with surveys around the world increasing the count yearly (Reynolds and Cook, 1976; 1981; 1989).   Many species have yet to be described, whereas numerable synonymies may be found for diverse named species.  For example, the genus Pheretima s. lat., which contained about 800 nominal species was reviewed by Sims and Easton (1972) and by Easton (1979), resulting in a reduction of valid species to less than half (Sims, 1983).  For Australia, over 300 natives are named (Jamieson, 1981), many more are pending, but the number of non-endemics is not reported. 


Lee (1970) stated that traditional taxonomy attempts to fulfil three requirements: to assign exclusive names to species, to establish a hierarchy of taxa above the species level that can be described in mutually exclusive terms so that they may be placed and ranked by the non-specialist and to show the evolutionary and biogeographic relationships between taxa.  These first two requirements (which were the objectives of this study) are often incompatible with the third.  The main concern was the identification of species rather than their phylogeneny.  Nevertheless, it is necessary to consider higher classification, for which species are the elements of construction, to better understand the relationships between groups.


Higher taxonomy of oligochaetes has been the subject of much revision and debate.  The suborder Lumbricina may contain from 5 to 20 families under various classifications (see Edwards and Lofty, 1977; Reynolds and Cook, 1976, 1981, 1989).  There is no agreement about the composition of the superfamily Megascolecoidea.   Most controversy revolves around elucidation of  "Acanthodrilidae-Octochaetidae-Megascolecidae".  Under the "classical" system of Beddard (1895) as refined by Michaelsen (1900 and 1928), which was largely confirmed and simplified by Stephenson (1930), the "megadrile" section, consisting of earthworms and their aquatic relatives (corresponding to the suborder Lumbricina) included seven families.  The Megascolecidae consisted of Acanthodrilinae, Megascolecinae, Octochaetinae, Ocnerodrilinae and Diplocardiinae.  Gates (1959, 1972) elevated four of these subfamilies to familiar status (all except the latter) and placed an emphasis on the nature of the prostatic glands.  Such a move was largely supported by Sims (1966, 1980) who ultimately advocated Ocnerodrilidae, Megascolecidae, Acanthodrilidae and Octochaetidae as separate.  Various other arrangements were proposed, especially by Lee (1959) who fitted the New Zealand fauna into two subfamilies, distinguished by the positions of the male and prostatic pores and included all of Stephenson's (1930) Octochaetinae in Acanthodrilinae.   A major revision was advanced by Jamieson (1971a, 1971b and 1971c) which incorporated elements of the classical system and had three subfamilies to the Megascolecidae (Ocnerodrilinae, Acanthodrilinae and Megascolecinae) divided at tribe level largely by their nephridial systems.  Subsequent phylogenetic investigations (Jamieson, 1978, 1980, 1981, 1988) suggested that Megascolecidae (consisting of Acanthodrilinae and Megascolecinae) and Ocnerodrilidae were actually separate families.  


A summary of two current classifications follows with consideration of their implications for the Australian fauna.   An overview of the dispute over family-level classification is provided by the authors of the respective systems. 


Gates' (1959) classification as adopted by Sims (1980) condenses to:

Family OCNERODRILIDAE - Prostates tubular, calciferous glands in ix or ix and x, last hearts in xi, holonephric.

Family ACANTHODRILIDAE - Prostates tubular, holonephric.

Family OCTOCHAETIDAE - Prostates tubular, meronephric. 

Family MEGASCOLECIDAE - Prostates racemose.


This system forces divergent groups eg Diplotrema and Plutellus into the same family and was criticised by Jamieson, (1971a) as having the advantage of convenience but was refuted on morphological grounds.  An alternative system proposed by Jamieson (1971a, 1977d, 1988) was:

Family OCNERODRILIDAE - Prostates tubular, holonephric, calciferous glands in region of viii-x, last hearts xi.


Subfamily OCNERODRILINAE - calciferous glands in ix or ix and x.


Subfamily MALABARINAE - intramural calciferous glands in viii-x.

Family MEGASCOLECIDAE - Prostates tubular to racemose, holonephric or meronephric.


Subfamily ACANTHODRILINAE - Prostates tubular, holonephric or meronephricic: if median stomate nephridia are present in meronephric segments, holonephridia are present elsewhere.



Tribe ACANTHODRILINI - holonephric, or if wholly or partly meronephric, with a single pair of prostates.



Tribe OCTOCHAETINI - meronephric, two pairs of prostates.



Tribe HOWASCOLECINI - partly holonephric and partly meronephric, two pairs of prostates.


Subfamily MEGASCOLECINAE - prostatic pores tubular (if two pairs then meronephric only) to racemose, holonephric to meronephric.



Tribe PERIONYCHINI - male pores megascolecin, holonephric or with meronephridia anteriorly.



Tribe DICHOGASTRINI - male pores and prostates variable, meronephric: exonephric stomate (mega-)meronephridium median to astomate micromeronephridia in caudal segments. 



Tribe MEGASCOLECINI - male pores megascolecin, meronephric: more complex than those of the Dichogastrini.


This system confined the endemic Australian earthworm genera (as defined) to Megascolecidae but unevenly split Digaster, Megascolides, Notoscolex and Spenceriella (pending revision of the New Zealand component) between the Dichogastrini and Megascolecini.  Sims (1980) discounted this classification due partly to recognition being based on adaptive characters and partly to biogeographic anomalies.  


Selections and combinations from both of these systems were adapted in this present study, whichever was most appropriate for identification of specimens.   For Australian natives I have tended to conform to the scheme proposed by Jamieson (1971a).   For the exotic taxa it was often more appropriate to emulate Edwards and Lofty (1977) and Easton (1979) who reverted to Gates' (1959) system for reasons of simplicity and convenience.  The gross morphological characters of the system proposed by Jamieson (1971a), are not mutually exclusive, consequently, it proved difficult to construct bifurcating keys without reference to finer somatic points or ultrastructural characteristics that are not generally accessible for all species or workers.  Easton (1979) when investigating the taxonomy of pheretimoid genera found that the nephridial structures differed considerably within homogeneous assemblage of species and that only a minority of the original descriptions included details of the nephridial system sufficient for adequate classification. 


For the purposes of the current study, a revised scheme is theorised, modified from either of those above and is based on evolutionary and biogeographic considerations.  Any deviation from the purely plesiomorphic condition are considered apomorphies, e.g. tubuloracemose prostates and incipient meronephry are indicative of derived characters which separate taxa.  Since acanthodriles and plutelloids development predated the fragmentation of Pangaea (ie they are common to both gondwanan and laurasian zoogeographic regions), they are viewed as being closer to ancestral forms.   These ancestral groups are overlayed by fauna more derived from common stock or by later migrations.   An argument for elevating Acanthodrilinae to family status is that members have plesiomorphic characters (e.g. holonephridia and tubular prostates) and appeared during or before the fragmentation of Pangaea into its different parts in the Triassic.   Such reasoning can be used to explain the morphological similarities, discussed in Sims (1980), which show close relationships (ignoring possibility of homologies and migration) of Diplocardia and Argilophilus, which are endemic to North America (James, 1990), with the native Australian Diplotrema and Plutellus, respectively.  Species with the acanthodrilin arrangement of genital terminalia that are holonephric can be assigned to Acanthodrilinae, a plesiomorphic subfamily of Acanthodrilidae, and apomorphic meronephric species (intermediate to Acanthodridae and Megascolecidae) placed in a group akin to an Octochaetini, elevated to subfamiliar rank (and incorporating the Howascolecini).  A restricted Megascolecidae can then be confined to the Oriental/Australasian region (Sims, 1980) whereas the more ancient Acanthodrilidae extends from Australasia through the Neotropical and Ethiopian regions to the Nearctic.   Megascolecidae (following removal of the acanthodrilid components) can not be considered endemic to the Nearctic, Palaearctic nor to Africa.  


The most advanced members of the megascolecid group are the pheretimoids, which occur in regions such as the Nearctic only by introduction.  Easton (1979) proposed that the origin of pheretimoid genera was in the Australian plate, followed by invasions westwards by way of the Indo-Australasian Archipelago.  Conversely, the Indian plate fragment of Gondwanaland may have transported a speciating fauna that radiated eastwards to Asia after collision with the Laurasian plate.  Asian development for pheretimoids can perhaps be from an apomorphic derivation (e.g. meronephridia, racemose prostates) from ancestral stock in common with the perionychins.  For instance, Perionyx is believed to have arisen in the Himalayas at such a time that passage to India or to Asia was possible (as the mountain ranges were formed or by way of valley such as the Rajmahal gap), while the pheretimas has an evolutionary centre still further east (Gates, 1972).  Thus asiatic pheretimoids share common ancestry in Gondwanaland with the advanced Australian megascolecids such as Spenceriella.  


It is only recently that human transportation of various allochthonous megascolecids has reunited the Asiatic and Australasian faunas.  The capacity for pheretimoids to occupy new areas, especially where the soil is cultivated, is evidenced by distributions of allochthonous species from around the world.  


Most peregrine species have these characters: parthenogenicity, high fecundity, wide environmental tolerance, rapid rates of spread.   These characters may have been adaptations to exploit virgin soils resulting from glaciation, weathering or alluvial transportation, that were free from competition.  Laurasian lumbricids, which appear particularly adapted to disturbed environments, are rapidly colonising Australia, as elsewhere.  The ability of peregrine lumbricid and pheretimoid species to rapidly occupy, and be transported from, soils disturbed by cultivation indicates a possible advantageous association of earthworms with agriculture since earliest times.

Materials and Methods

Details of the taxonomic characters required for classification of species are not explicitly presented here.  Many will be evident from the species descriptions provided.  Overviews or the features employed in oligochaeate taxonomy are available from various sources, for example Stephenson (1930), Lee (1959), Ljungström (1970), Sims and Gerard (1985) (for lumbricids) and Easton (1979) (for pheretimoids).   Conventions, abbreviations and technical and anatomical terms (with notes on their importance to systematics) are given in a glossary in the appendix. 


Specimens were dissected, described and drawn by the author.  Illustration was considered important for characterisation of species (Gates' (1972) otherwise comprehensive work suffered from total absence of such figures).  Original illustrations were drawn using a Wild M5 microscope with camera lucida, clitella are shown by tone and all scale bars represent 1 mm.  The presentation format of species descriptions and illustrations have been devised to facilitate rapid confirmation of identity and for easy cross reference.  Some considerations are: 


• major synonymies, especially those involving nomenclatural changes, are listed (reference to fuller listing is made).  


• registration numbers for type and voucher specimens are pending as most are being temporarily held in the author's collection and are to be deposited at institutions at a later date (some species have already been deposited at the Queensland Museum, Brisbane). 


• "distributions" for known taxa are derived from sources cited in the species introduction;  "localities" are those of material collected and examined in the current study. 


• biometry is based on varying numbers of inspected specimens, and are presented as range values or, where only one or two specimens were found, the actual dimensions. 


• setal ratios are means (specimens permitting) and are given relative to the distance ab  which is expressed as unity.


The taxonomy is divided into two sections to accommodate the exotic and the native fauna, and keys are provided to conduct the reader through various levels to the species.  General comments accompany species descriptions.   While most generic definitions are derived some (as indicated) have emendations based on descriptions of new species.  Family level definitions are given for several groups, but not generally for the megascolecids (i.e. megascolecids, acanthodrilids and octochaetids) for which conflict exists (as discussed above).  


INTRODUCTORY KEY

This key refers to major groups, (with their areas of endemicity), whether presently recorded in Australia or not, as incomplete keys are problematical for new records.  The taxa headings that it leads to may be further investigated for allochthonous earthworms from Australasian/Oriental region in the "exotics" section.  Alternatively, specimens which key out as "Acanthodrilidae" or "Megascolecidae" may be tracked via the introductory keys in the "native" section (pages 375 and 378).  Several keys should be attempted to confirm identities. 


Occasional species have suppressed anterior metamere (i.e. segments i and ii fused - determined by setae on "first" segment or by internal septa), for these add one to the counts below.  For practical purposes, here "holoic" means a pair of holonephridia per segment, "meroic" encompasses all other combinations (where nephridia are not obvious, assume meronephry).

1.
Medium sized, unpigmented worm with three pairs of "calciferous" glands visible through dorsal body wall near anterior; prostomium forming a proboscis (in life) or retracted on preservation; setae in the posterior alternating in position from one segment to the next (i.e. in quincunx).........................................................................................Pontoscolex

Not agreeing to all points above......................................................................2

2.
Male pores xii or before (in the segment immediately behind testes)...3


Male pores after xii (one or more segments behind testes)......................4

3.
Two pairs of male pores, aquatic.............................................Haplotaxidae

Male pores in vicinity of 10/11, testis sacs suspended within septa..............................................................................................Moniligastridae
4.
Prostates present (note: some "abnormal" specimens have aborted prostates) ..............................................................................................................12


Prostates absent.....................................................................................................5

NO PROSTATES
5. 
Oesophageal gizzard(s) present.......................................................................6


Oesophageal gizzard absent.............................................................................10

6.
Extra-mural calciferous glands present..........................................................7


Extra-mural calciferous glands absent............................................................8

7.
Single gizzard in vi (supra-oesophageal vessel  present)..Glossocolecidae (South America)


Gizzard in vii (supra-oesophageal vessel absent).........Microchaetidae (South Africa)

8.
Body quadrangular in cross-section, aquatic............................Almidae (South America, Africa, Indo-asia)


Body cylindrical..................................................................................................9

9.
Male pores paired on xv, more than one gizzard..............Hormogastridae (Mediterranean)


Male pores paired on xxii...................................................Ailoscolecidae (France and USA)

10.
Testes 2 pairs in x and xi..................................................................................11


Testes 10 pairs in xii-xxi..............................................................Lutodrilidae (USA)

11.
Intestinal gizzard present (intra-mural calciferous glands present)....................................................................................Lumbricidae (mainly Europe)


Intestinal gizzard absent (calciferous glands absent) aquatic....................................................................................Sparganophilidae (monogeneric aquatic family of N. America and possibly W. Europe).

WITH PROSTATES
12.
Male pores on or before xvi............................................................................13


Male pores after xvi ...........................................................................................15

13.
Male pores on xiii, aquatic....................................................Biwadrilidae (aquatic, Japan)


Male pores on xv or xvi....................................................................................14

14.
Male pores on porophores, aquatic...........................................Criodrilidae (Mediterranean)


Male pores in copulatory pouches, terrestrial.............................Kynotidae (confined to Madagascar)

15.
Spermathecae pre-testicular.............................................................................16


Spermathecae as coelomic  cavities combined with ovaries, post-testicular...................................................................................Eudrilidae (Africa)

16.
Prostates tubular, one or more pairs, holoic, last hearts in xi........................................................................Ocnerodrilidae (Circummundane)


Prostates tubular to racemose, holoic to meroic, last hearts after xi........17

17.
Prostates tubular, one or more pairs, their pores separate from male pores; holoic or meroic ................................Acanthodrilidae (Pangaean?)*


Prostates tubular to racemose, one pair, male pores and prostatic pores combined on xvii Megascolecidae(-inae) (Gondwanan)*..............................18

18.
Wholly holoic................................................................................Perionychini*


Meroic........................................................................................Megascolecini*

*  Genera native to Australia (but not exclusively).   Perichaetine native species often have a muscular gizzard in v-vii; in exotics the gizzard, if present, is usually vii (refer to the pheretimoid keys, pp  323 and 325). 


1 EXOTIC EARTHWORMS
MONILIGASTRIDAE Claus, 1880.

Diagnosis (abstracted from Gates, 1972):  Lumbricine. Prostomium prolobous, separate.  Male pores one or two pairs, behind spermathecal pores and in front of female pores.  Gizzards behind ovarian segments.  Testis sacs suspended within septum.  Nephridia holoic and vesiculate.  Clitellum unicellular.  Ova macrolecithal (large yolked).

Key to Moniligastridae (from Gates, 1972).
1. 
Female pores at or just behind 13/14, ovaries in xiii........................... 2


Female pores and ovaries anteriorly........................................................ 3

2.
Male pores at 11/12 and 12/13............................................. Desmogaster

Male pores to 11/12 only....................................................... Hastirogaster
3. 
Female pores at or just behind 12/13, ovaries in xii  .......Eupolygaster

Female pores at or just behind 11/12, ovaries in xi............................. 4

4.
Y-shaped glands on spermathecal atria................................ Moniligaster

Y-shaped branched glands lacking............................................... Drawida

All moniligastrids apart from a few species of the genus Drawida are probably confined to their areas of origin in Indo-asian region (Gates, 1972).  For Drawida, several species are reported as occurring outside their endemic Asian range, often these have later been found to be in synonymies (see below).

Genus Drawida Michaelsen, 1900.

Diagnosis (from Gates, 1972 and Easton, 1980):  Small to "giant" terrestrial earthworms.  Setae lumbricine.  Dorsal pores absent.  Clitellum includes segments x-xiii.  Male pores in or near 10/11.  Testis and male funnels in sacs in septum 9/10.  Female pore near 11/12.  Spermathecal pores at 7/8 (spermathecae without "dichotomously branched glands" of Moniligaster).  Short "pseudoprostates" present.  A pair of ovisacs from septum 11/12 extending posteriorly.  Several moniliform, intestinal gizzards in segments xii-xxvii.  Oesophageal gizzards, calciferous glands and intestinal caeca absent.  Holoic.

Type species: Moniligaster barwelli Beddard, 1886, from Manila.

Distribution: Indo-asia region, very widespread: "Drawida has a self-acquired range which may only be exceeded by that of the Lumbricidae, and is larger than that of the Pheretima s. lat.  domain, consequently it is expected to yield proportionately more species" (Gates, 1972).


Relatively few species are peregrine:  D. japonica (Michaelsen, 1892), possibly endemic to Japan, has occasionally (doubtful according to Gates, 1972) been reported (e.g. Chen, 1933 from China);  D. parva (Bourne, 1894), sp. dub., erected on South Indian specimens, was recorded from Aru Island;  D. burchardi Michaelsen, 1902, sp. dub., from a specimen from Sumatra;  D. barwelli (Beddard, 1886), perhaps originally from China, was regarded as incertae sedis by Gates (1972) and by Easton (1984) who redescribed the species from new specimens.  This species was erected on a series from Manila and is recorded throughout the tropics though is rarely collected (perhaps due to its small somatic size) and is often reported under its junior synonym D. bahamensis (Beddard, 1893) e.g. from India, the Carribbean, Philippines, Indonesia, Caroline Islands, Fiji(?), Tonga, Samoa and Soemba (Gates, 1972; Easton, 1984).


No moniligastrids have previously been reported from Australia.

Drawida barwelli (Beddard, 1886).


Moniligaster barwelli Beddard, 1886.


Drawida barwelli; Michaelsen, 1900 (?excl. beddardi(i) Rosa, 1890).


Moniligaster bahamensis; Beddard, 1893.


Drawida bahamensis; Michaelsen, 1900.


?Moniligaster sp. Horst, 1893.


Drawida japonica bahamensis; Michaelsen, 1910.


?Drawida tecta Gates, 1926.


?Drawida parva; Michaelsen, 1910 (?non Monilinigaster parva Bourne, 1894; D. parva: Michaelsen, 1900).


Drawida barwelli; Easton, 1984.

Distribution: Philipines, Myanmar, Flores, Carribbean and Pacific Islands,

original asiatic home may be in Indo-China region.

Locality:
Samford, Qld., new record for Australia.

Habitat: 
alluvial soil under pasture.

Registration No.: 
numerous specimens collected by RJB.

Length: 
35-65 mm.

Width: 
1-2.5 mm.

Segments: 98-118, anterior segments have wider anterior flange, postclitellar segments a wider posterior flange; secondary annulation after xiv.

Colour:
unpigmented, soil visible in gut, but appear gold-brown (combination of yellow coelemic cells and red blood vessels) when aestivating.  Dorsal lobes of yellowy egg sacs seen through epidermis in clitellar region extending from x-xvi during breeding season (March-May?).

Behaviour: 
fairly docile, found coiled in cells at about 10 cm depth when quiescent in dry soil.   Gravid specimens were prevalent only in the late summer rainy season March-May (cf. in Asia where Gates (1972) reports Drawida breeding period in the rainy season August-October).

Prostomium: 
prolobous: separate (cf. Easton, (1984): epilobic).

First dorsal pore:
none (sometimes a "dark-spot" was seen in 10/11).

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
small, 8 per segment from ii, closely paired (variable, 8:1:8:1:36:0.5).

Nephropores: 
anterior margin of segments in c (or d) line, especially clear from iv to xv, with xiii very obvious.

Clitellum: 
thin and indistinct ix,x-xiii,xiv.

Male pores: 
a pair on furrowed tips of eversible penes, in slit-like apertures with tumid lips in 10/11 almost lateral: 0.3 body circumference apart closer to c than b. 

Female pores:
a pair in anterior margin of xii lateral to b lines (not always obvious).

Spermathecal pores:
pair in 7/8 concealed in intersegmental fold, 0.3 body circumference wide almost lateral in or median to c line.

Genital Markings:
none, but around the anterior and posterior margins of the male pores are large, whitened pads.

Fig. 1.1 Drawida barwelli, Samford specimens (a) ventral view (b) cocoon, (c) enlargement of testis sac on septum with convoluted vas deferens to "prostate" on copulatory chamber, (d) dorsal view of prostomium; (e) spermatheca and (f) male organs and distended egg sac shown in relative position to (g) a lateral view (the dorsal blood vessel and eggs sac visible through cuticle).






Fig. 1.2 Drawida barwelli, two amphimictic specimens.

Septa:  4/5 deleted (?), 5/6-8/9 thickened, 8/9 the thickest, 9/10/11/12 reduced and converged, the rest thin.

Dorsal blood vessel:
single (visible through body wall), not on pharynx. 

Hearts:
vii, viii, ix.

Gizzards:
three small, spherical, moniliform gizzards in xii- xiv (first gizzard reduced or absent in only two specimens).

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
xv, widening in xx.

Nephridia:
a pair of large avesiculate holonephridia per segment, most obvious as simple tubes after clitellum (from iv, absent from x?).

Testis/sperm funnels:
within a pair of testis sacs, pendant or protuberant in 9/10 and filled with white, coagulum with iridescent tinges on the funnels leading, via long convoluted vas deferens, to the "prostate" of the penial chamber.

Ovaries:
morphology not distinct: flimsy, horseshoe-shaped sacs seen in non-gravid specimens in xi and xii may contain ovaries (in 10/11 attached at penial chamber?).  In gravid specimens, the dorsal dilations of these sacs are easily detached.   These paired ovisacs, extending from xi to xvi at maximum distension, are packed with large, yolky egg cells.

Prostates:
much reduced "prostates" as a pair of small, glands one attached to each penial chamber and receiving the vas deferens.

Spermathecae:
a pair originating at 7/8 each with a simple spherical atrium and a long, thin duct that reaches back through segment viii to a spherical ampulla emerging through 8/9 in ix.  A small, digiform appendage noted on one ampulla in one specimen was perhaps a rudimentary diverticulum.

Gut contents:
fine soil and occasional quartz grits.

Notes:
The soils that this species was collected from were well drained, riddled with fine burrows and mottled in the top 10 cm by the worms reworking the soil.  Found in only two locations at Samford, sometimes in association with Amynthas minimus and other species, but in one area the populations appeared pure.  Following rain in April, 1992 this species was particularly active in the surface soils: immature, mature (some specimens found in amphimixis) as well as numerous cocoons were found.  Cocoons, about 2 mm across, are spherical and yellowy (see figure 1.1b).  The cocoons are filled with numerous yolky cells (as seen in gravid specimens), all may be potential ova although only one or two juveniles hatch.

Remarks: 
The species examined here agree closely with Michaelsen's (1900) description of D. barwelli (Beddard, 1886) and tolerably well with Easton's (1984) re-characterisation of D. barwelli, ignoring the two Fiji specimens that he chose to include.  Easton (1984) stated that these latter two specimens were "considerably" larger than those from the Pacific and lacked atria and long ducts on the spermathecae which opened slightly median to c.  The points of difference between the specimens from Samford and the remainder of Easton's (1984) D. barwelli are:

1. width (1.5-<3 mm?)

2. segments (105-<137?).

3. separate prostomium rather than epilobic.

4. (2 or) 3 gizzards rather than 3 or 4.


Easton (1984) put D. bahamensis (Beddard, 1893) in the synonymy of D. barwelli as he supposed the differences were confined to:

1. dorsal pores

2. nephropores from vi rather than iii.

3. 3 gizzards in xii-xiv, rather than 3 or 4 gizzards in xiii-xvi.


However, the specimens above also key out as D. beddardi (=beddardii) (Rosa, 1890) in Gates (1972).  This species from Myanmar may be a similar, autochthonous species, if not part of a heterogenous congeries (Gates has "a beddardi group of Burmese species comprising D. constricta, D. delicata, D. spissata and D. rara").  Gates (1972) put part of D. barwelli (Beddard, 1895) (along with D. barwelli hehoensis, Stephenson, 1924) into the synonymy of D. beddardi (Rosa, 1890). This is presumably rejecting Michaelsen (1900) and Stephenson (1923) who both placed Moniligaster (=Drawida) beddardii Rosa, 1890 in the synonymy of Drawida barwelli (Beddard, 1895).  Easton (1984), for D. barwelli, took the course of "excluding syn. beddardi Rosa, 1890".


The inventory of Reynolds and Cook (1976) (based partly on Gates' species card index) lists these three species: 

barwelli, Moniligaster Bedd., 1886;

beddardi, Moniligaster Gates, 1940 typus amissus;

beddardii Moniligaster Rosa, 1890 typus amissus.


Nevertheless, Gates' (1972) description of D. beddardi is perhaps further removed from the above species description in:

1. size 24-120 by 2-5 mm.

2. segments, 145-188.

3. gizzards 3-4 in xii-xix (sic).

4. spermathecal ducts 6-7mm long.


The above species is assigned to the earlier D. barwelli (Beddard, 1886) as it fits better within the range of variations described and is peregrine in the Pacific (see Easton, 1984).  Without having access to specimens for inspection, the current author surmises, from some published descriptions, that the differences from D. barwelli of D. japonica (Michaelsen, 1892) (also of D. bahamensis (Beddard, 1893) and D. parva (Bourne, 1894)) may be attributed to ontological development, especially whether in gravid reproductive stages or not (see description above).

GLOSSOCOLECIDAE Michaelsen, 1900.

Diagnosis (from Gates, 1972):  Digestive system with an oesophageal gizzard in vi, paired extra-mural calciferous glands in some of vii-xiv.  Dorsal pores lacking.  Spermathecae adiverticulate.  

Distribution:  about 200 species forming 25 genera are confined to the neotropical region (tropical central and south America).  One species has been widely transported.

Genus Pontoscolex Schmarda, 1861

Diagnosis (from Gates, 1972 and Borges, 1992):  Glossocolecid with paired calciferous glands in vii-ix.  Nephridia macroic, vesiculate, in intestinal segments holoic with ocarina-shaped bladders.  Pigmentless.  Male pores and tubercula pubertatis, extending for 3-5 segments in the clitellar region.

Distribution: Surinam, Guyana, Guatemala, (Panama?), one species transported worldwide (by drifting? and/or the agency of man).

Type species: Pontoscolex arenicola Schmarda, 1861 (= Pontoscolex corethrurus (Müller, 1856)) from Brazil.


Only the type species, P. corethrurus, is commonly encountered outside of the endemic range.  It has these characters: 


Body pigmentless, clitellum pale; setae of the posterior part of the body in quincunx; 3 pairs of "calciferous" glands visible through the cuticle in front of clitellum; prostomium forms "proboscis"; sexthecal, pores at 6/7-8/9.

Pontoscolex corethrurus (Müller, 1856)


Lumbricus corethrurus Müller, 1856.


Pontoscolex arenicola Schmarda, 1861.


Pontoscolex corethrurus; Stephenson, 1916. Gates, 1972. 

Type-locality: Brazil.

Distribution: pan-tropical; supposedly "the most widely distributed earthworm" (see Gates, 1972 p 55).  Classed as eurytopic (and euryhaline), its common occurrence in coastal areas suggests marine transportation (by drifting?).  Close association with rivers also indicates a possible mechanism of transportation (of cocoons).

Localities:
Qld: Brisbane (suburbs of St Lucia, Taringa, Brookfield), Samford, Kingaroy, Eumundi; Gayndah, Mundubbera, Biloela, Cardwell (in pine plantations and native woodland, collected May, 1993 by A. Anderson); Tully (L.N. Robertson);  NSW: Harwood.  The new NSW record possibly represents the most southerly distribution of this generally tropical species.  Distribution in Australia presumably extends far to the north as it is found in the Kimberley region of WA (McKenzie & Dyne, 1991) and in Papua New Guinea (e.g. Rose & Wood, 1980; Nakamura, 1992).

Habitats: 
whole range of soil types and environments, in all but very dry soils from which they retreat, especially abundant in moist soils; found just above water-line in a riverbank (South Pine River, Samford); under sugar cane at Harwood, NSW; "in pasture and common in sugarcane soils, Tully N. Qld." (L.N. Robertson pers. comm.).

Registration:
numerous specimens collected by RJB and various workers throughout the year whenever the soil is moist.

Length: 
60-120 mm.

Width: 
4-6 mm.

Segments: 166-200. Some secondary annulation.  Anterior and posterior segments rugose.  In this account, the first setigerous segment is counted as ii.

Colour:
unpigmented: anterior yellow/pink, 3 pairs of flattened, white "calciferous" glands enveloped in red capillaries are often visible through cuticle just anterior to clitellum; the clitellum is variously white or yellow/orange; white chloragogen cells surround gut and soil in the gut is often visible; dorsal blood vessel clearly visible.

Behaviour:  contracts when touched and posterior may become bulbous, clear coelomic fluid ejected; when relaxed the worm everts a probing proboscis from the peristomium; when roving the body can lengthen to three or four times its contracted state. 

Prostomium: usually retracted on preservation (see  illustrations).

First dorsal pore:
none.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment (from ?"iii", here designated as ii), closely paired widening over clitellum thereafter migrating to assume quincunx (rows alternating) arrangement in posterior (on vii/9:1:5:1:22:0.5).

Nephropores: 
near intersegmental furrows at anterior of each segment from about 4/5/6, slightly median to C or more lateral.

Clitellum: 
saddle shaped: xv-xxii,xxiii.

Male pores: 
not clearly defined, possibly minute at 19/20 lateral of B (or ?20/21 in B line (Gates, 1972)).

Female pores:
minute possibly in xiv in front of ab (?14/15 in AB line).

Fig. 1.3 Pontoscolex corethrurus, Samford specimen: (a) ventral view, (b) spermathecae, (c) cocoon (near to hatching), (d) lateral view of anterior showing "calciferous glands", (e) lateral view of posterior with setae in quincunx.

Fig. 1.4 Pontoscolex corethrurus Brookfield specimen: everted, proboscis-like prostomium (a) ventral view with (b) spermathecae in situ, (c) lateral and (d) dorsal views; (e) dorsal view of one of the three pairs of "calciferous glands", from viii, (f) ocarina-shaped nephridial vesicle.

Spermathecal pores:
minute in 6/7/8/9 in C line.

Genital Markings:
translucent tubercula pubertatis ridges lateral on xix-xxi framing the ventral setal couples; some setae in genital tumescences e.g. xiv, xix-xxii.

Setpa:
septa 3/4 contains the pharyngeal bulb, 4/5 and 5/6 are membranous: 4/5 contains tufted nephridia, 5/6 is possibly adherent on 6/7; 6/7 thick to base of gizzard, 7/8 and 8/9 also thick; 9/10 absent (adherent on 10/11, Gates (1972)); 10/11 thick and displaced rearwards; from 11/12 on, membranous.

Dorsal blood vessel: single, bifurcates at gizzard in vi.

Hearts:
commissurals in vii and viii; ix/x contain a thin pair of lateral vessels; xi and xii have strong pairs of hearts.  The dorsal vessel in the region of xi-xiv is much enlarged.  Blood vessels supply the calciferous glands in vi-ix ventrally and, in xii and xiv, small vessels pass to the oesophagus (supra-oesophageal vessel as such not found).

Gizzard:
spherical and muscular in vi.

Calciferous glands or diverticula:
three pairs of flattened, lingular "calciferous glands" lateral on oesophagus in vii-ix.

Intestine origin (caeca, typhlosole):
xvi (typhlosole from xxi?)

Nephridia:
pharyngeal tufted nephridia in anterior in iv (and v?) then holonephric with, in the intestinal region, a pair of very large ocarina-shaped terminal vesicles per segment.

Testis/sperm funnels:
xi? not clear, an elongate pair of saccular seminal vesicles in xii.

Ovaries:
not found.

Prostates:
none.

Spermathecae:
three pairs, in vii-ix (same segments as "calciferous" glands), each a flattened disk or flask entally on a long duct, transparent.

Gut contents:
fine soil.

Notes:
the anterior segments are usually retracted and the genital pores obscure, this means that segments are easily miscounted.  Dissection of the anterior revealed that what may be the actual "first" segment, bearing a prolobous prostomium, is much reduced and telescoped into a rugose, asetigerous segment that is strictly the "second" segment.  The "third" segment then is setigerous.  In this account, this first setigerous segment is counted as ii (to conform to conventions for more "normal" species, one may be added to the counts above).


The "calciferous" glands did not react in hydrochloric acid.   The function of these glands is unknown, but they resemble somewhat the "ocnerodrilin diverticula".  They consist of vascularised pouches composed of numerous columnar cells but lack the lamellae, internal lumina and carbonates of genuine calciferous glands.


Cocoons, the size and shape of pearls, variously transparent, white or pink (when near hatching) were frequently abundant individually, in small chambers near the soil surface (digging usually located one or more mature specimens in the vicinity).  Spherical with high turgor pressure, they rebound from flat surfaces and roll if dropped.


Regeneration of both anterior and posterior segments was noted in the field and in stocks: active posterior regenerates were frequently encountered whereas anterior amputees usually remained coiled and quiescent for several weeks.

Remarks:
 there are conflicting reports on the anatomy of this parthenogenetic species and its morphology is still not fully resolved (Gates, 1972; Borges, 1992).  As noted in this account, the complex cephalisation, septal irregularities and reduction of reproductive organs contribute to this confusion. 


Many studies have been published on this widely distributed, abundant and peculiar species.  It is supposed to be the most commonly encountered worm in several localities e.g. parts of Myanmar and Brazil.   "Overpopulation" by this species was thought to have caused unfavourable effects on soil characteristics in greenhouses and cultivated fields (Stephenson, 1930; Gates, 1972; Puttarudiah & Sastry, 1961), although there are favourable reports too (e.g. Lavelle et al., 1987; Spain et al., 1990).


Glasshouse trials conducted in this study on this species gave  variable plant yield responses and soils were sometimes compacted.  However, survival and reproduction were sustained in a variety of soil types.


Proposed investigations of the survival of cocoons in sea water (to determine possibility of oceanic transportation) were considered but not completed.

Note: irregularity of setal ranks is not confined to P. corethrurus, several native species (e.g. Fletcherodrilus unicus) have this; also many worms are of a similar size and colour (e.g. Eisenia rosea, Digaster conforma).  For live specimens three features are characteristic: the proboscis-like prostomium, three pairs of white "calciferous glands", and setae in quincunx in the caudal region.

LUMBRICIDAE Rafinesque-Schmaltz, 1815.

Diagnosis: (from Gates, 1972; Easton, 1980 and Sims & Gerard, 1985):  Setae lumbricine.  Dorsal pores present.   Clitellum usually saddle-shaped, behind segment xvii (rarely xv).  Male pores usually on xv (rarely xii-xiv).  Spermathecae adiverticulate.  Prostates, oesophageal gizzards and intestinal caeca absent.  A single intestinal gizzard in xvii or xvii-xx, calciferous glands intramural in ix, x-xv.  Typhlosolate.  Last hearts before xii.  Nephridia holoic and vesiculate.

Subfamilies: Lumbricinae (Holarctic) and Diporodrilinae (Corsican).

Distribution: Palaearctic and eastern North America (central holarctic).  Endemic North American genera are Bimastos and Eisenoides, although neither of these are confined to this region (Schwert, 1990).  Peregrine species: 20-30 of several genera, are very widely distributed (Lee, 1987).


Despite their worldwide distribution, Gates (1972 p 63) states that "No lumbricid species is known to have colonized tropical lowlands permanently, anywhere.  Deliberate introductions by the hundreds, if not thousands...failed."  The present study seems to contradict this statement for certain species. 

Taxonomy 



Lumbricid taxonomy remains in a very uncertain state with parochial or superseded references being perpetuated and contradictions maintained.  Thus parts of the literature are incompatible with other parts in giving the same species different names and vice versa.   Revisions (e.g. by Omodeo, 1956; Bouché, 1972; Perel, 1976; Zicsi, 1982 etc.) have redefined several genera.  Allolobophora previously included numerous species, but is now restricted with A. chlorotica as the type species and several earlier inclusions removed to Eisenia or Aporrectodea.  The type species of these latter two genera are, respectively, E. fetida (Savigny, 1826) and  A. trapezoides (Dugès, 1828) (=A. caliginosa trapezoides) (from Easton, 1983).


Comparing these genera, Gates (1974) wrote that "Eisenia rosea has been widely misunderstood in the past, the species or individuals of it have been referred to 8 genera, 3 sub-species and 10 varieties...as well as with 10 or more species names";  nevertheless, he confirmed E. rosea in Eisenia.  However, later Gates (1977) recanted and stated "A. rosea did not belong in the genus... but may not belong in Aporrectodea either" although this is where he placed it.  Perel's (1974) act of removing it from Eisenia was unconsummated since it was not assigned to a preferred genus.  Although reference to the species, A. rosea by any other name, would perhaps lead to confusion, it is here returned to  Eisenia (as per Michaelsen, 1900; Gates, 1972, 1974; Easton, 1980, Schwert, 1990) rather than Aporrectodea (as per Easton, 1983).  The reason is that somatic similarities lie with some other members of the Eisenia group, in particular, the dorsal positioning of the spermathecal pores and more anterior commencement of the (gaping) dorsal pores.  Generic diagnoses in Sims and Gerard (1985) have characters separating these two genera: for Eisenia, calciferous gland opening into the oesophagus in xi; nephridial vesicles "sausage-shaped"; pigment red, and for Aporrectodea, calciferous glands opening into oesophagus in x; nephridial vesicles "U-shaped"; pigment, if present, not red.  Red or pink pigmentation, is a variable character which is present in E. fetida and in live specimens of E. rosea (e.g. Easton, 1980 p 44).   Some members assigned to these genera (Easton, 1980; 1983) have characters which overlap.  For instance, in Eisenia, E. japonica has morphs varying in several characters (e.g. unpigmented, spermathecae in setal line c), whereas some members of Aporrectodea e.g. A. icterica and A. limicola sometimes have pink colour and have dorsal pores in 4/5 and spermathecal pores in cd lines (Sims and Gerard, 1985).  Thus, the separation proposed here (based on position of dorsal and spermathecal pores) is a simplification compared to the alternative separation of Sims & Gerard (1985) which (ignoring U shaped or "sausage" shaped vesicles) condenses to calciferous glands attaching to oesophagus in either segments xi or x.  Use of this feature to discriminate between members of these genera is at odds with the descriptions of several species according to Gates (1972).


Much uncertainty and contradiction remains about the definitions of Aporrectodea trapezoides and A. caliginosa (eg Cain, 1955; Gerard, 1964; Jamieson, 1967b; Gates, 1972, 1972a; Reynolds, 1977; Martin, 1977; Sims & Gerard, 1985; Schwert, 1990).  Gates (1972 and 1972a) recognized the affinities and distinctions between related species and erected an anthropochorous species group which included A. longa, A. tuberculata (=caliginosa), A. turgida (= caliginosa), A. nocturna, A. limicola and several other species, as well as A. trapezoides.   Easton (1980) defined Gates' grouping as a "trapezoides species-complex" but also described A. caliginosa and A. trapezoides separately.  In Satchell (1983), Sims (1983) stated that "A. caliginosa Savigny, 1826 includes A. trapezoides Dugès, 1828", whereas, a few pages later, Easton (1983) provided a guide to the valid names of Lumbricidae and listed separate synonymies for both A. caliginosa caliginosa (Savigny, 1826) and A. caliginosa trapezoides (Dugès, 1828).  Contradiction is again found in Sims and Gerard (1985), who advocated placing several "morphs" in the synonymy of A. caliginosa, including A. caliginosa s.s. (syn A. turgida), A. tuberculata, A. nocturna, A. trapezoides, and two of Bouché's (1972) subspecies (A. alternisetosa and A. meridionalis), but possibly excluding A. nocturna, for ecological reasons.  Suggestions (e.g. by Cain, 1955; Gerard, 1964) that geographic criteria should be used for differentiation, with A. caliginosa valid in Britain and A. trapezoides elsewhere, is discredited as "A. trapezoides probably is the "caliginosa" most frequently recorded from Mediterranean countries" (Gates, 1972) and A. caliginosa s.s. are found expatria in Australia and elsewhere.  Intermediate forms and morphs, or their developmental stages, undoubtedly exist to cloud the issue (Gates, 1972, Sims & Gerard, 1985).  However, Baker et. al.(1992) and Baker et al. (1992a) have recently confirmed a genetic basis for differences between these two species.  


Here Aporrectodea caliginosa (Savigny, 1826) and A. trapezoides (Dugès, 1828) are recognized as distinct and are  separated on the characteristics listed in the Table 1.

Table 1.  Characters differentiating A. trapezoides from A. caliginosa (sensu stricto) (from Gates, 1972 & 1972a; Cain 1955; and personal observations).

__________________________________________________________________

Character


A. trapezoides

A. caliginosa
__________________________________________________________________

Colour/Pigment:

usually dark


unpigmented

Size:



generally >80mm

generally <85mm

Body shape: 


posterior flattened

body circular

Clitellum range: 

xxvii,xxviii-xxxiv,xxxv
xxix,xxx-xxxiv

Tubercula pubertatis:
continuous:xxxi-xxxiii
interrupted:xxxi & xxxiii

Quiescence:


facultative


obligatory

Parthenogenetic:

yes (always?)

no (never?)

Ploidy:


diploid


polyploid

__________________________________________________________________


The name E. fetida was latinized to E. foetida by Rosa (1891) and Bimastos to Bimastus by Michaelsen (1900), these usages were continued by subsequent workers.  Such emendations are invalid under the articles of the ICZN and the original orthography is now restored (e.g. Gates, 1972; Easton, 1980; Sims, 1983).  The specific gender endings -um, -us and -a etc. change to agree with that of the genus.


According to Easton (1983) Allolobophora parva Eisen, 1874 now replaces Bimastos parvus but current workers use either name (eg Temirov & Valiakhmedov, 1988; James, 1990).  Here Bimastos parvus is used (as per Gates, 1972; Easton, 1980, Sims & Gerard, 1985 and Schwert, 1990).


Controversy over the validity of the generic name Octolasion notwithstanding, Sims (1983) advocates retaining this name.  Gates (1972) has shown that O. lacteum is a junior  synonym of O. tyrtaeum.

Key to common allochthonous Lumbricidae (after Gates, 1972 with amendments from Easton, 1983; Sims & Gerard, 1985 and Schwert, 1990). (TP = tubercula pubertatis).
1.
Male pores on xiii................................................................. Eiseniella tetraedra

Male pores on xv.................................................................................................. 2

2. 
Athecal................................................................................................................... 3


Thecal..................................................................................................................... 6

3. 
Darkly pigmented................................................................................................. 4


Unpigmented (pink in life)........................................ morphs of Eisenia rosea
4. 
Setae widely paired........................................ morphs of Dendrodrilus rubidus

Setae not or not all widely paired.................................................................... 5

5. 
Prostomium, epilobous.............................................................. Bimastos parvus

Prostomium, tanylobous.......................................................... Lumbricus eiseni
6. 
Spermathecal pores near mid-dorsal line........................................................ 7


Spermathecal pores in region of cd line.......................................................... 9

7.
Calciferous sacs, present in x...................................  morphs of Eisenia rosea

Calciferous sacs, lacking in x............................................................................. 8

8. 
Setae closely paired, atrial and TP glands lacking.................. Eisenia fetida

Setae widely paired, atrial and TP glands present..............Eisenia hortensis
9. 
Setae closely paired........................................................................................... 10


Setae widely paired or separated.................................................................... 15

10.    Prostomium tabylobous; pigment red; seminal vesicles three pairs........... 11


Prostomium epilobous; no red pigment; seminal vesicles four pairs...... 13

11. 
Clitellum, begins behind xxx.............................................. Lumbricus terrestris

Clitellum, begins in front of xxx...................................................................... 12

12.    Clitellum, xxvi,xxvii-xxxi,xxxii................................................. Lumbricus rubellus

Clitellum, xxvii-xxxiii......................................................... Lumbricus castaneus
13. 
Sexthecal, pores at 8/9-10/11................................... Allolobophora chlorotica

Quadrithecal, pores at 9/10 and 10/11......................................................... 14

14. 
Unpigmented................................................................. Aporrectodea caliginosa

Pigmented............................................................................................................ 18

15. 
Pigment red......................................................................................................... 16


Unpigmented or without red pigment........................................................... 17

16.
Sexthecal, pores at 9/10-11/12; clitellum xxix,xxix/n-xxxiv/n, xxxiv.............................................................................Dendrobaena octaedra

Quadrithecal, pores at 9/10 and 10/11; clitellum before xxix but not after xxxiii.................................................................. morphs of Dendrodrilus rubidus
17. 
Clitellum, xxix-xxxiv; TP,xxx-xxxiii.................................... Octolasion cyaneum

Clitellum, xxx-xxxv; TP, xxx-xxxv....................................... Octolasion tyrtaeum

18. 
TP, xxxxii-xxxiv; 145-220 segments.................................... Aporrectodea longa

TP, xxxi-xxxiii; less than 170 segments................... Aporrectodea trapezoides

Specific identification is possible without detailed description of internal anatomy since some classifications are contradictory and based on obscure somatic features or intraspecifically, highly variable characters, and finally because most of the peregrine lumbricids recorded from around the world are parthenogenic morphs, no diagnoses are given here for the various lumbricid genera (refer Gates, 1972 and Sims & Gerard, 1985 for examples of the problems of generic definition in the Lumbricidae). 

Genus Allolobophora Eisen, 1873.

Allolobophora chlorotica has been reported from Victoria (Tisdall, 1985)

Genus Aporrectodea Örley, 1885.

Aporrectodea caliginosa (Savigny, 1826)

The synonymy of this species is indeterminable, even after much investigation, consequently a listing is not attempted as this may add to the confusion. Easton's (1983) synonymy includedd these species names: carneum, lividus, gordianus, purus, hortensiae, novaehollandiae, olivaceus, pellucidus, turgida, tuberculata, levis, australiensis, inflata, borellii, similis, remyi, hellenica, nocturna, iowana, arnoldi and molita. Gates (1972, 1977) included these species names in part or whole:  tuberculata, similis, turgida, arnoldi and helenae.

Notes: Kinberg's (1866/7) description of Lumbricus Novæ-Hollandiæ (sic) from "Sidney" is included under A. caliginosa by Easton (1983) the original description is too vague for adequate characterisation but type-specimens are listed in the Stockholm Museum by Reynolds and Cook (1976).   Easton (1983) also included A. australiensis (Fletcher, 1886) under A. caliginosa; from  the original account this species agrees more closely with A. trapezoides as defined here, which is probably where it belongs. 

Distribution: NSW (Barley and Kleinig,1964; Blackwell and Blackwell, 1989), Vict. (Tisdall, 1985); SA (Baker et al. 1992, 1992a; these authors also note that a previous record of A. caliginosa in SA by Barley (1959a) is assumed to be A. trapezoides), WA, Tas. (Kingston, 1989), (NT?), ACT. 

Locality:
Adelaide, SA; Scullin, ACT; Woolnorth, Tasmania (collector RJB).

Habitat: 
seasonally abundant in pasture soils and urban gardens.

Length: 
50-68 mm.

Width:
3.5-4 mm.

Segments: 
117-150.

Colour:
pink, faintly iridescent anterior, darker clitellum.

Behaviour:
docile.

Prostomium: 
closed epilobous.

First dorsal pore:
9/10/11 inconspicuous.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment closely paired from ii; some ventral setal couples in small tumescences (4:1:2:1:12:0.4).

Nephropores:
inconspicuous in CD.

Clitellum: 
saddle-shaped, xxix, xxx-xxxiv.

Male pores: 
large equatorial slits in xv, almost lateral within pale highly tumid lips that (usually) encroach into xiv and xvi.

Female pores:
xiv small slits ventral to b in xiv.

Spermathecal pores:
9/10-10/11.

Genital Markings:
pale, raised tumid pads surround ab in ix-xi, tubercula pubertatis interrupted, as large raised paps in BC in xxxi and xxxiii.

Nephridia:
holoic with bladders.

Prostates:
absent. 

Fig. 1.5 Aporrectodea caliginosa Scullin specimen (a) ventral view, (b) prostomium.

Spermathecae:
two pairs in x and xi, short duct to small, spherical ampulla, adiverticulate.

Gut contents:
fine soil.

Notes:
collected from Adelaide, and ACT but not encountered in Qld.  In pots in the glasshouse, mixed populations of A. caliginosa (from Adelaide) and A. trapezoides may have varied in their reproductive rates (due to obligatory diapause in A. caliginosa?).  Many reports from Europe testify to especially beneficial effects of lumbricids, particularly the common A. caliginosa, on crop and pasture growth (e.g. Edwards and Lofty, 1977; Lee, 1985).  However,  Gates (1972, p 85-86) records (a report from K.S.P. Rao, 1959) that within a period of 25 years to 1958, many acres of land in Himachal Pradesh in India went out of cultivation as a result of appearance of earthworms (as many as 2,500 per m2 to a depth of 25 cm), that made a fertile soil cloddy and unproductive - he identified the majority of the supposed culprits as A. turgida (=A. caliginosa).

Aporrectodea trapezoides (Dugès, 1828)


Confusion with A. caliginosa reigns under this species' precis and no type material exists to assist clarification.  Searches in the probable type-locality of Montpellier, France may be required to resolve this impasse (Gates, 1972 p 79).


An abridged synonymy of species names is, after Easton (1983): capensis, beddardi, mariensis, augilensis, samarigera, graeca; and from Reynolds (1977):


Lumbricus trapezoides Dugès, 1828.


Helodrilus caliginosus (part), Michaelsen , 1900.


Helodrilus mariensis Stephenson, 1917.


Allolobophora trapezoides, Gates, 1958.


Allolobophora iowana Evans, 1948.



?Lumbricus hortensiae, Kinberg 1867.

Note:  Owing to taxonomic confusion, not all references to "A. caliginosa trapezoides" necessarily refer to this species.  Often confused with A. caliginosa s.s. or the European "A. caliginosa trapezoides" variety (which has been synonymised with A. tuberculata, A. turgida and A. nocturna,  Sims (1983) and Easton (1983)) which is quite a different species from A. trapezoides under consideration here (see Gates, 1972 for discussion).

Distribution:  Qld. (Thompson, 1992); ?W.A. (Jackson's 1931 account encompasses both this species and A. caliginosa), NSW, SA (Baker et al., 1992 (and from this reference, Barley, 1959a), Vict., Tas. (Kingston & Temple-Smith, 1989), New Zealand and global.

Locality:
Brisbane suburbs (e.g. Brookfield), Samford, Kingaroy, Gayndah, Mundubbera, Biloela, all in Qld.; Scullin, ACT.

Habitat: 
pasture soils, especially where there is surface litter and sufficient moisture; under cultivation; gardens.

Length: 
60-125 mm.

Width:
3-7 mm.

Segments: 140-150, secondary annulation from vi.

Colour:
dark almost gun-metal grey, iridescent, dorsum; pale ventrum and yellow/buff clitellum.  Occasionally lighter grey-brown specimens were found.

Behaviour:
fairly docile, when alarmed posterior segments contract becoming flattened and spade-shaped.

Prostomium: 
closed epilobous.

First dorsal pore:
12/13?, ejecta seen from 14/15 (not seen on clitellum).

Setae (ratio of aa:ab:bc:cd:dd:U):
8 per segment closely paired from ii, vary in places and couples at corners of trapezoid shape body in posterior (20:2:8:1:15:0.2).

Nephropores:
irregularly alternating B to D, inconspicuous.

Clitellum: 
saddle-shaped, variable xxvii-xxxiv, xxxv.

Male pores: 
large equatorial slits in xv, almost lateral within pale highly tumid lips that encroach well into xiv and xvi.

Female pores:
xiv small slits ventral to b in xiv.

Spermathecal pores:
9/10-10/11 near C.

Genital Markings:
pale, raised tumid pads surround ab in ix-xi, tubercula pubertatis uninterrupted but convoluted ridges occupying BC in xxx,xxxi-½xxxiv; some ventral setal couples e.g. xxx in small tumescences.

Septa:
visible from 5/6.

Fig. 1.6 Aporrectodea trapezoides Samford specimen (a) ventral view showing (b) spermathecae, (c) prostomium (d) a cocoon and (e) the trapezoid shape of posterior.

Dorsal blood vessel:
single.

Hearts:
vi-xi.

Gizzard:
xvii.

Calciferous glands or diverticula:

(xi).

Intestine origin (caeca, typhlosole):
(xx).

Nephridia:
holonephric with bladders.

Testis/sperm funnels:
x and xi.

Ovaries:
xiii.

Prostates:
none.

Spermathecae:
two pairs in x and xi, short duct to small, spherical ampulla, adiverticulate.

Gut contents:
fine soil.

Notes:
Year round activity under favourable conditions is reported (Gates, 1972; Baker et al., 1992a, cf. Barley 1959a). In glasshouse trials of the current study, this species was found to have a positive influence on plant growth and good survival in both clay and sandy soil.  


Collected in large numbers, along with several other species:  under plant litter jetsam in a pasture at Samford that had been flooded; at Kingaroy in sodden soil near a drain in association with Fletcherodrilus unicus and other species; from Gayndah, beside a creek and at Biloela in low numbers in a cultivated field.


Gates (1972) states that "Pontoscolex corethrurus, as well as A. trapezoides, has been taken around the world during the last four centuries...yet, to this day there is no record of both species from the same site".  From the study reported here these two peregrine species are found in the same biocoenoses in Brisbane, Samford, Gayndah and Biloela.

Aporrectodea longa (Ude, 1885)

This species is similar to A. trapezoides.  There are reports of A. longa from NSW (Wood, 1974; Blackwell and Blackwell, 1989 (through their introduction)) and a worm from Sydney fitting this description was mentioned by Fletcher (1886a p. 546).  This species is also reported from Victoria (Tisdall, 1985) and Tasmania (Kingston & Temple-Smith, 1989).   Not located in Qld.

Genus Bimastos  Moore, 1893.

Bimastos parvus (Eisen, 1874).


Allolobophora parva Eisen, 1874.


Allolobophora parva udei Ribaucourt, 1896.



Lumbricus (Allolobophora) parvus; Valliant, 1889.


Dendrobaena constricta (part), Friend, 1893.


Allolobophora beddardi Michaelsen, 1894.


Allolobophora consticta var. germinata (part) Friend, 1897.


Bimastus parvus; Michaelsen, 1900.


Bimastos longicinctus? Smith and Gittings, 1915.


Helodrilus (Bimastos) parvus;  Michaelsen, 1907.


Eisenia parvus + Bimastus beddardi Pop, 1948.


Bimastos parvus; Gates, 1930.

Distribution: North America (endemic?), South America, Tibet, China, southern Africa, Asia, Siberia, Hawaii, Tahiti, Europe, Central Asia, Australia: a single specimen Helodrilus (=Bimastos) parvus found by Michaelsen (1907) in W.A. represents the only previous record of this species (see Jackson, 1931).  Similar species: Bimastos eiseni (= Lumbricus eiseni) and Bimastos tenuis (=Dendrodrilus rubidus tenuis syn. D. constrictus), occur in N.Z. (Lee, 1959).  Morphs of this latter species were reported from WA by Jackson, 1931.

Locality:
Samford (collector RJB) and Brookfield (collector CHT), Qld. - new records.

Habitat: 
in alluvial pasture and under litter in red podzolic soil.

Registration No.: 
a few specimens collected by RJB and CHT.

Length: 
c. 35 mm body circular becoming octahedral posteriorly.

Width: 
c. 1.8 mm.

Segments: c. 97 with deep furrows.

Colour:
dorsum, dark to light red-brown with slight iridescence, ventrum pale, clitellum buff.

Behaviour: 
fairly docile.

Prostomium: 
widely open epilobous.

First dorsal pore:
5/6 indistinct.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii,  setae b of xiv dehisced in one specimen (5:1:3:1:4:0.25).

Nephropores: irregularly from lateral to b (in front and through clitellum ) to above d (e.g. in 7/8/9/10).

Clitellum: 
saddle-shaped, xxiv-xxx.

Male pores: 
lateral slits adjacent to b and confined to xv, with paler tumid lips that intrude on 15/16.

Female pores:
xiv small slits from position of (missing) b.

Spermathecal pores:
athecal.

Genital Markings:
none (tumescence ventrally in xxx).

Septa:
equally thick to 16/17 then become reduced.

Dorsal blood vessel: 
single.

Hearts:
vii, viii weak, ix-xi strong, weak extra-oesophageals to dorsal vessel in xii.

Gizzard:
crop or proventriculus precedes gizzard which is muscular, enveloped in capillaries and occupies xvi-xviii.

Calciferous glands or diverticula:
not found (obscured by seminal vesicles in xi and xii?).

Intestine origin (caeca, typhlosole):
xix (typhlosole not found - supposedly deep lamelliform).

Nephridia:
holoic with large elongate bladders which duct to parietes near B line internally.

Testis/sperm funnels:
x and xi (posterior pair reduced) as large, free iridescent sheets beside gut and attached to septa, funnels also iridescent; large seminal vesicles appear to surround gut in x-xii.

Ovaries:
strings of large eggs, palmate in xiii.

Prostates:
none. 

Fig. 1.7 Bimastos parvus from Samford (a) ventral view (b) prostomium.

Spermathecae:
?athecate (small transparent sacs seen in x and xi possibly spermathecae or nephridial bladders?).

Gut contents:
fine soil and organic matter.

Notes:
only a few specimens found, in association with several other species including the similarly small sized Drawida barwelli and Amynthas minimus.

Remarks:  "Bimastos parvus is not a species but an aggregate of parthenogenetic morphs or clones" according to Gates (1972).   The above description is for apparently fertile specimens and concurs with that of Chen (1933), but differs in several respects, particularly with reference to reproductive organs, compared to Gates' (1972) unusually curt definition of his male sterile morphs.  Easton (1983) returns B. parva to Allolobophora and lists B. beddardi, B. parva udei and B. constricta germinata in the synonymy.  In contrast, Gates (1972) only tentatively includes under Bimastos parvus these names B. beddardi, B. longicinctus and B. eiseni which have these clitellar ranges: (xxiii),xxiv,xxv-xxxi,xxxii; xxiii,xxiv-xxxii,xxxiii and xxiv,xxv-xxxii, respectively.  Were all these names to be synonymised, the distribution range would be extended. 


Boettcher and Kalisz (1991) found this species, which they characterize as being adapted to inhospitable sites, under rhododendron in Kentucky; Temirov and Valiachmedov (1988) introduced what they considered to be this species in irrigated desert soils of Tajikistan and found it to be most beneficial: barley yields were increased six fold.  Its small somatic size probably accounts for its infrequent collection and/or identification and it may easily be confused with Dendrobaena spp. or Eiseniella tetraedra (op. cit.)

Genus Dendrobaena Eisen, 1874.


Some species e.g. D. octaedra are peregrine in the northern hemisphere.  Several former species of this genus are now transferred to Dendrodrilus (Perel, 1976, Easton, 1983). 

Genus Dendrodrilus Omodeo, 1956


Two small species are found in the Australasian region: Dendrodrilus rubidus rubidus from NSW, Qld. and WA (Gates, 1972) and this plus D. rubidus subrubicundus are reported from compost heaps in N.Z. (Lee 1959).

Genus Eisenia Malm, 1877

Eisenia fetida (Savigny, 1826).


Enterion fetidum Savigny, 1826.


Lumbricus semifaciatus Burmeister, 1835.


Lumbricus annularis Templeton, 1836.


Lumbricus foetidus, Dugès, 1837.


Lumbricus olidus, Hoffmeister, 1842.


Lumbricus luteus Blanchard, 1849.


Lumbricus rubro-fasciatus Baird, 1873.


Allolobophora foetida, Eisen, 1874.


Lumbricus annulatus Hutton, 1877.


Endrilus? annulatus, Smith, 1887.


Eisenia foetida, Michaelsen, 1900.


Helodrilus (Eisenia) foetidus, Michaelsen, 1910.

Note: other synonymies are given in Easton (1983).  Often incorrectly cited as "E. foetida".  

Distribution: cosmopolitan, commonly bred in worm farms around the world and sold as "tiger worms".  Previously recorded from Australia e.g. Fletcher (1886,1890), Jackson (1931).  This record confirms its occurrence in Qld.

Locality:
Qld: Brisbane, Mackay (collector F. Clarke); NSW: Bradbury.

Habitat: 
worm beds.

Length: 
45+ mm.

Width: 
4 mm.

Segments: 100 (±20). 

Fig. 1.8 Eisenia fetida from Brisbane worm farm (a) ventral view (b) prostomium.

Colour:
deep chestnut brown dorsally, buff ventrally, iridescent, clitellum pale, intersegmental furrows yellow giving a banded appearence, posterior often bright yellow with inclusions (note: pale pink varieties often also found).

Behaviour:
ejects yellow coelomic fluid if agitated, cocoons supposedly deposited near surface (from August to December?).

Prostomium: 
open epilobous.

First dorsal pore:
4/5 (5/6).

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment closely paired from ii, ventral setae of ix-xiii and xxv-xxxii,xxxiii in papillae (4:1:3:1:15:0.5).

Nephropores:
inconspicuous.

Clitellum: 
saddle-shaped, variable xxvi,xxvii-xxxii,xxxiii.

Male pores: 
equatorial slits, almost lateral and confined to xv in either large or only slightly raised tumescences.

Female pores:
minute, just lateral to b in xiv.

Spermathecal pores:
paired 9/10 and 10/11 near dorsal line.

Genital Markings:
tubercula pubertatis solid ridges lateral to B lines, variable but in all of xxviii-xxx, xxxi.

Hearts:
vii-xi.

Gizzard:
in xvii-xviii.

Calciferous glands or diverticula:
intramural 

(in x-xiv?).

Intestine origin (caeca, typhlosole):
xv.

Nephridia:
holoic with bladders.

Testis/sperm funnels:
x and xi, seminal vesicles ix-xii.

Ovaries:
small.

Prostates:
none.

Spermathecae:
two small pairs in ix and x, spherical ampullae, adiverticulate.

Gut contents:
fine soil and organic material.

Notes:
widely distributed (see Gates, 1972) this species is thought to be haemerobiont (entirely dependent on culture).  However, it is also recorded from a range of habitats around the world such as taiga and steppes in Russia, under manure piles and in gardens in Sydney (Fletcher, 1890) and under pastures in New Zealand.  Gates (1972) reports that various attempts to introduce to tropical lowlands are known to have failed.  It has been much studied in a varity of roles.  Variations, particularly with respect to colouration are frequently observed. 

Eisenia rosea (Savigny, 1826).

*due to the uncertainty of this species in the past, an abreviated synonymy is provided after Gates, 1974, who provides three pages of synonymies, and also from Easton, (1983):

Genera:  Allolobophora, Bimastos, Eiseniella, Enterion, Helodrilus, Lumbricus, Notogama.

Species: acystis, alpestris, alpina, aquatilis, balcanica, bimastoides, budensis, croatica, dairenensis, danieli-rosai, dendrobaenoides, diomedaea, harbiensis, hataii, glandulosa, indicus, interposita, jeholensis, jenensis, lusitana, macedonica, mediterranea, moderata, mucosa, nobilii, paucipartita, prashadi, storkani, typica.

Enterion roseum Savigny, 1826.


Lumbricus roseus, Dugès, 1837.


Allolobophora mucosa Eisen, 1874.


Allolobophora mucosa, Eisen,1874.


Allolobophora (Notogama) rosea, Rosa, 1893.


Eisenia rosea, Michaelsen, 1900.


Eisenia rosea, Gates, 1972, 1974.

Note: currently also reported in the genus Aporrectodea (and Nicodrilus).

Distribution: cosmopolitan (indigenous to Palaearctic);  recorded from Australia: SA (Baker et al., 1992; Barley, 1959a); Victoria (Tisdall, 1985) NSW (Barley and Kleinig, 1964; Wood, 1974) and Tasmania (Kingston, 1989).  These are possibly the first confirmed records for Qld. and ACT.

Locality:
Samford, Qld; Scullin ACT; new records.

Habitat: 
alluvial soil and pasture beside river; urban garden.

Fig. 1.9 Eisenia rosea Samford specimens (a) lateral view, (b) ventral view, (c) spermathecae.

Registration No.: 
numerous specimens collected by RJB.

Length: 
35-50 mm.

Width: 
2-4 mm.

Segments: 115-149.


Colour:
unpigmented but anterior pink-red from blood and posterior dark from soil in gut, clitellum bright orange

Behaviour: 
fairly docile, but found to rapidly emerge onto soil surface if the soil surface is scraped.  Often coils on preservation.

Prostomium: 
open epilobous.

First dorsal pore:
very distinct with darkly pigmented auriolae from 4/5 (5/6?).

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, ventral setae of xii-xv (ix-xiii) and xxv-xxxii (xvi-xxxiii) (ab of xii, xiii or xv as genital setae) (10:1:6:1:12:0.3).

Nephropores: inconspicuous.

Clitellum: 
saddle-shaped, variously from xxiv, xxv-xxxii.

Male pores: 
equatorial slits, almost lateral and usually confined to xv in either large or only slightly raised tumescences (see note below). 

Female pores:
xiv small and just lateral to b.

Spermathecal pores:
paired 9/10 and 10/11 near dorsal line

Genital Markings:
tubercula pubertatis solid ridges lateral to B lines in all of xxix-xxxi (usually).

Septa: not inspected

Dorsal blood vessel: not inspected


Hearts: not inspected

Gizzard:
in xvii-xviii.

Calciferous glands or diverticula:
x.

Intestine origin (caeca, typhlosole):
xv.

Nephridia:
holoic.

Testis/sperm funnels:
x and xi, seminal vesicles ix-xii.

Ovaries:  not found

Prostates:
none.

Spermathecae:
two small pairs in ix and x, spherical ampullae, adiverticulate

Gut contents:
fine soil.

Notes:
male pores obliterating intersegmental furrows adjacent to xv is given as characteristic for E. rosea by Gates (1972) cf. Lee (1959) who has male pores confined to xv and cf. Martin (1977) gives either condition, therefore this character is obviously variable.

Remarks: This species appears to be particularly adaptable since it has been recorded from around the world in a variety of habitats (see Gates, 1972 pp 104-108) including being found in snow in the Arctic circle, in Siberia and widely distributed in virgin steppes of Russia and summits of mountains in the Caucuses to around oases in the Sahara (Ghilarov & Perel', 1984).


In South Australia it is very common in pastures.  At Samford it was found in relatively high numbers besides the South Pine River and, in observations over a year, appeared to be extending its range slightly and even displacing Pontoscolex corethrurus in places.

Eisenia hortensis (Michaelsen, 1890) (=E. veneta f. hortensis, Gates, 1951), although peregrine, has a less extensive distribution than many other lumbricids and tends to occur in "filthy places" (Gates, 1972).  It was not identified in current study, nor has it been reported from Australia.

Note: not listed in Easton, (1983).

Genus Eiseniella Michaelsen, 1900.

Eiseniella tetraedra (Savigny, 1826) is infrequently reported from South-west Australia (Eiseniella intermedius (sic) Jackson, 1931 is synonomised in Easton, 1983 as E. tetraedra), NSW (Barley and Kleinig, 1964), Macquarie Island and New Zealand, (Lee, 1959) but has not thus far been recorded from Qld.  This small species, especially morphs with male pores on xv instead of the more common xiii, is easily confused with Bimastos parvus.

Genus Lumbricus Linnaeus, 1758

Lumbricus castaneus and Lumbricus terrestris are occasionally reported from N.Z. (Lee, 1959) and Australia (e.g. B.G.M. Jamieson pers. comm. in Lee, 1985 p 261; Gates, 1972, P. Mele pers. comm.).

Lumbricus rubellus Hoffmeister, 1843


Lumbricus campestris (part) Hutton, 1877.


Enterion rubellum var. parvum, var magnum Örley, 1881.


Digaster campestris (part) Hutton, 1883.


Allolobophora rubellus, Smith, 1891?


Lumbricus rubellus, Stephenson, 1923.

Distribution:
widespread and often dominant in U.K. and N.Z. under pastures and cultivated lands and in garden soils. Often bred in worm farms as "red worm" as opposed to the "tiger worm", Eisenia fetida.  Reported from Tasmania (Kingston, 1989) and Victoria (Tisdall, 1985) and NSW (Wood, 1974).

Locality:
 obtained from a garden at Scullin in ACT and under pasture in Tasmania. 

Habitat:  gardens, pasture.

Length: 
c. 65 mm.

Width: 
c. 4 mm.

Segments: 102-116, body circular.

Colour:
dorsum red-brown, ventrum pale, clitellum buff.

Prostomium: 
tanylobous.

First dorsal pore:
7/8.

Setae (ratio of aa:ab:bc:cd:dd:U):
8 per segment closely paired from ii, wider on anterior (ventral setae on x reduced or dehisced). Ventral setae xxvi-xxii in slight tumescences. (4.0:1.0:3.8:0.8:6.0:0.28).

Fig. 1.10 Lumbricus rubellus Scullin specimen (a) ventral view (b) tanylobous prostomium.

Nephropores:
in D or just dorsal.

Clitellum: 
saddle-shaped, ½xxvi,xxvii-xxxi.

Male pores: 
small equatorial slits, almost lateral and confined to xv within small tumid lips.

Female pores:
minute, just lateral to b in xiv.

Spermathecal pores:
not found.

Genital Markings:
tubercula pubertatis as translucent ridges lateral to b lines, in xxvii-xxxi.

Notes:
common in New Zealand (Lee, 1959), for early Australian reports see Fletcher (1886-1890).

Genus Octolasion Örley, 1885

Australian reports of O. lacteum, which is often confused with O. tyrtaeum (e.g. Gates, 1958), may actually be O. cyaneum.

Octolasion cyaneum (Savigny, 1826)


Lumbricus terrestris (part) Müller, 1774.


Enterior cyaneum Savigny, 1826.


Lumbricus cyaneus Dugès, 1837.


Lumbricus stagnalis (part) Hoffmeister, 1845.


Lumbricus alyattes Kinberg 1867.


Allolobophora studiosa Michaelsen, 1890.


Allolobophora (Octolasion) cyanea (part) Rosa, 1893.


Helodrilus kempi Stephenson, 1922.


Allolobophora (Octolasion) cyanea studiosa Ribaucourt, 1896.


Octolasion cyaneum, Michaelsen, 1900.

Distribution: Europe, North America, South America, India, Azores and Australasia: Victoria (Tisdall, 1985); NSW (Wood, 1974); SA (Baker et al., 1992) and Tas. (Kingston, 1989).

Fig. 1.11  Octolasion cyaneum Scullin specimen (a) ventral view (b) prostomium.

Note: a species which Fletcher (1887a) obtained from Sydney NSW while not agreeing exactly, came "nearest to Allolobophora profuga Rosa, 1884" (=Octolasion lacteum) and is probably referrable to this species, indicating an early occurrence in the colony.

Locality:
Mt Lofty near Toowoomba (Jamieson collection); Scullin, ACT.  New records.

Habitat: 
in moist soil under logs; in suburban garden soil.

Registration No.: 
two specimens inspected

Length: 
75-80 mm

Width: 6.5-7.0 mm

Segments: 151-153, some secondary annulation dorsally.

Colour:
blue-grey or white.

Behaviour:
flaccid and docile.

Prostomium: 
open or closed epilobous.

First dorsal pore:
10/11.

Setae (ratio of aa:ab:bc:cd:dd:U/xii):
8 per segment closely  paired anteriorly becoming wide pronounced after clitellum; a setae especially large and dark (4:1:2.5:1:12:0.47).

Nephropores:
inconspicuous in CD

Clitellum: 
tumid saddle-shaped, xxix-xxxiv, clefted ventrally at 31/32.

Male pores: 
confined to xv, lateral slits with pale slightly tumid lips.

Female pores:
xiv small slits lateral to b in xiv.

Spermathecal pores:
9/10-10/11 in CD but hidden in furrow.

Genital Markings:
not pronounced.

Spermathecae:
two small pairs in x and xi.
Gut contents:
fine soil 

Notes:
first record for Qld: collected August, 1971 by D. Crossman (Jamieson collection material).  Its distribution may be due to Mt. Lofty near Toowoomba on the Great Dividing Range having lower summer temperatures than the coastal region of SE Qld.  Specimens were also collected by Sebastian Blakemore from garden soils in ACT. 


Previous Australian records from ACT (collector K.R. Norris, 1951) and Northbridge, Sydney, NSW (collector F. McCarthy, 1962).  Widespread in NZ (Lee, 1959).

OCNERODRILIDAE Beddard, 1891

Diagnosis: (after Gates, 1972):  Digestive system with a short oesophagus, without intestinal caeca.  Vascular system, with complete dorsal (single) and ventral trunks, but no subneural, a supra-oesophageal in region of viii-xi, paired extra-oesophageals (medial to segmental commissures?).  Hearts, of ix lateral, of x-xi latero-oesophageal, the last pair in xi (or a homoeotic equivalent?).  Nephridia, holoic, avesiculate, (with cells of peritoneal investment much enlarged in a posterior part of the body?).  Setae, eight per segment.  (Nephropores, in one longitudinal rank on each side of the body?).


Spermathecal, female pore (always paired?) and male pores, in that antero-posterior order.  Spermathecae, in front of testis segments.  Clitellum, multilayered, including female (and male?) pore segments.  Ovaries, in xiii, fan-shaped and with several egg-strings.  (Ovisacs?).  Ova not yolky, but large.  Seminal vesicles, trabeculate.  Prostates, tubular.

Distribution:
Neotropical; Ethiopian; India.

Sub-families:
Malabariinae Gates, 1966 (endemic to peninsular India, two species (Malabaria levis and Thatonia gracilis) transported to Myanmar and Hainan) and Ocnerodrilinae Gates, 1966.

Note:
for paired "calciferous glands", read ocnerodrile diverticula, the function of which are not known. 

Ocnerodrilinae Gates, 1966

Diagnosis (from Gates, 1972):
Digestive system, with extramural "calciferous glands" (when paired = ocnerodrile diverticula) in region of ix-x.   Vascular system, with extra-oesophageal trunks that pass into the calciferous glands, branch therein, and after uniting posteriorly emerge to join the supra-oesophageal trunk.

Distribution:  Africa, America in tropical and possibly also in adjacent subtropical regions.  Several (smaller) species peregrine.

Key to Oriental Genera of Ocnerodrilinae (from Gates, 1972).
1. 
Gut, agiceriate...................................................................................................... 2


Gut, giceriate........................................................................................................ 3

2.
Ocnerodrilin diverticula, paired; male pores on xvii..................Ocnerodrilus

Calciferous gland, unpaired, ventromedian; male pores on xviii............ .......................................................................................................................... Gordiodrilus

3.Gizzards, in vi-vii...........................................................................  Nematogenia

(only one species (Nematogenia panamaensis) outside Africa).


Gizzard, in vii....................................................................................................... 4

4. 
Calciferous glands, one pair in ix......................................................... Eukerria

Calciferous glands, unpaired, ventral in ix and x.................................   .....................................................................Curgiona (monospecific from South India)

Genus Gordiodrilus Beddard, 1892, 1895

Diagnosis (from Gates, 1972 and Jamieson, 1963b): Small, limnic.  Digestive system, typically agicerate, with a ventro-median calciferous gland having a thick wall without large canals (but with canaliculi?) and a small central lumen opening dorsally without a stalk through floor of gut posteriorly in ix, intestinal origin in xii, without typhlosole and supra-intestinal glands.   Prostatic pores paired in xvii and xviii (or in xix).  Spermathecal pores usually two pairs in 7/8/9.  Hearts in x and xi.  Nephridia, avesiculate, ducts passing into parietes in or close to CD (throughout?).  Nephropores, inconspicuous, in or close to CD.  Setae, closely paired.  Dorsal pores and pigment, lacking.  Septa, all present from 5/6.  Spermathecae, without discrete diverticula.

Distribution:
Tropical Africa, and transported to Caribbean and Asia.  This is the first record from Australia.

Type-species: Gordiodrilus elegans Beddard, 1892 from Kew Gardens (in soil from Lagos, Nigeria). 

Key to species-groups of Gordiodrilus,  i.e. for specimens with a single midventral oesophageal pouch and two pairs of prostates in consecutive segments (after Jamieson, 1963b):

1.
Gizzard present.......................................................................................2


Gizzard absent.........................................................................................3

2.
Gizzard in viii..................................................................robustus-group


Gizzard in vii..............................................................pampaninii-group

3.
Bursae copulatrices present........................................papillatus-group


Bursae copulatrices absent....................................................................4

4.
Prostatic pores paired in xvii and xviii or in xviii and xix or in xviii only... 
..............................................................................................elegans-group


Prostatic pores paired in xx and xxi................................tenuis-group

Gordiodrilus elegans-group Jamieson, 1963.

Diagnosis: Small to medium size: 80-125 segments.  Prostomium variable.  Usually quadrithecal, pores at 7/8-8/9.  Seminal grooves, in or close to AB.   Reproductive apertures, all at or close to B.  Clitellum, annular, xiii/n-xviii, xix/n, xix, xx/n.  Setae, ab ca. = 1/2cd.  Gizzard absent. Holandric.  Seminal vesicles, in ix and xii.   Spermathecae, with intramural seminal chambers in a middle portion of duct.

Distribution: Kew Gardens, Myanmar, India, East and West Africa, Egypt, Sudan, Abyssinia, Madagascar, Zanzibar, Puerto Rico, Bonaco Island, ?Dominica; originally from tropical Africa? 

Gordiodrilus elegans species-group (sensu Jamieson, 1963).
Locality:
Biloela. First record for Australia.

Habitat: 
in cultivated, black alluvial clay.

Registration No.: 
several specimens collected by RJB, J. Suggitt, 18-20/March/1992.

Length: 
35-45 mm.

Width:
c. 1 mm.

Segments: c. 100 (intersegmental furrows indistinct around the position of the clitellum).

Colour:
anterior 7 segments faint brown with iridescence, otherwise pigmentless; in life, cream calciferous gland visible through cuticle in ix or x followed by red hearts anterior to the raised clitellum.

Behaviour: docile.

Prostomium:
open (or closed) epilobous or zygolobous.

First dorsal pore:
none.

Setae (vii/ratio of aa:ab:bc:cd:dd:U): 
8 closely paired from ii, ab absent from xvii and xviii (4:1:4:1:16:0.5).

Nephropores: 
visible in clitellar region, lateral intersegmental, in C.

Clitellum: 
indistinct xiv-xix, (xii-xx, Gates, 1972).

Male pores: 
not found in seminal grooves (17/18?).

Female pores:
paired on xiv anterior to b.

Spermathecal pores:
7/8 and 8/9 in B.

Genital Markings:
none.

Septa:
present from 5/6, weak.

Dorsal blood vessel: 
single, splits on oesophagus.

Hearts:
x and xi.

Gizzard:
none.

Fig. 1.12 Gordiodrilus elegans-group, Biloela specimen (a) ventral view, (b) prostates and (c) sub-oesophageal "calciferous" gland displaced posteriorly and (d) spermathecae in situ, (e) ventral view same specimen.

Calciferous glands or diverticula:
large, single, central heart-shaped (or pear-shaped) yellowish calciferous gland, ventral and centrally placed beneath oesophagus in ix.  Has thick walls and largish central lumen on bisection with small central opening to gut.

Intestine origin (caeca, typhlosole):
xii.

Nephridia:
holonephridic.

Testis/sperm funnels:
x and xi.

Ovaries:
xiii, rosette shaped with oviducts opening into xiv.

Prostates:
two pairs in xvii and xviii, long and thin tubular glands with short muscular ducts, U-shaped and extending back several segments.

Spermathecae:
two pairs in viii and ix, each with a curved duct which bears an opposed pair (at least?) of intramural, iridescent diverticula, in midriff or closer to junction of spherical ampulla.

Gut contents:
fine soil (organic matter?).

Notes:
Several variations were found to the above account: two specimens only had a single pair of spermathecal pores in 8/9; one other specimen, had a heart shaped calciferous gland ventrally in xi and a similar shaped bladder (or outgrowth of oesophagus) dorsally in xi which was well supplied with capillaries.  Common features are the two pairs of prostatic pores in xvii and xviii (difficult to determine because the setae are small and intersegmental furrows faint).


Specimens were found in cultivated, black alluvial clay soils in DPI experimental site at Biloela in association with Ocnerodrilus occidentalis (in ratio of approx 2:1 in favour of O. occidentalis).  Density of both these small species combined approached 500 m-2 in some patches but they were absent from most samples.  In a glasshouse trial, a combination of these two species had only a marginal influence on plant yield and both had only moderate survival.

Remarks:
Jamieson (1963b) described a Gordiodrilus elegans-group, the specimens here are almost identical to the G. paski Stephenson, 1928, constituent (from Lake Tanganyika and, by synonymy of G. unicus Stephenson 1931, from Myanmar,(with a single abnormal specimen) and G. peguanus Gates, 1942, from Myanmar, India and Puerto Rico), which possibly also includes G. wemanus Michaelsen, 1937, (from the Tana River, Kenya).  Gates (1972) considered the representative species of this species-group, G. elegans Beddard, 1892, to be a complex with several parthenogenic polymorphs: the G. peguanus, Gates, 1942, morphs have prostatic pores in xvii and xviii (as in G. elegans s. s.), and male pores in 17/18; the G. travencorensis Michaelsen, 1910 morphs have prostatic pores in xviii and xix; the G. unicus morphs have (Gates, 1942), or do not have (Gates, 1972), prostates on xviii, or have various and irregular combinations on xvii, xviii and xix (Jamieson, 1963b).  Gates (1972) also places part of G. paski in "G. elegans (?)".  Unravelling the gordian knot of gordiodrilan taxonomy is beyond the scope to this study, however the somatic similarities (and co-incidences) of the parthenogenic "species" belonging to Gordiodrilus, Ocnerodrilus and Eukerria, as found in this study, is noted.

Genus Ocnerodrilus Eisen, 1878

Diagnosis: (after Gates, 1972 see also Gates, 1973a): Lumbricine.  Digestive system, agicerate.  Calciferous glands (diverticula), one pair, in ix, each with a large lumen opening via a short stalk into oesophagus laterally just in front of 9/10.  Vascular system, with paired extra-oesophageals which pass into calciferous glands before joining the supra-oesophageals.  Nephropores near B.  Setae, closely paired.  Dorsal pores and pigment lacking.

Distribution:   Tropical and subtropical America and Africa, several species are allochthonous and one species is circummundane in the tropics.

Type-species:  Ocnerodrilus occidentalis Eisen, 1878 from his vineyard, Fresno, California.

Distribution: pan-tropical. Original home is in Mexico or Central America?

Ocnerodrilus occidentalis Eisen, 1878.


Ocnerodrilus tenellulus Gates, 1945.

Locality:
Samford, St Lucia, Brisbane; Kingaroy; Biloela, all Qld.  New records?

Habitat: 
a range of soils, from drained sandy soil to moist clays.

Registration No.: numerous specimens, collected by RJB Feb/1991.


Length: 
20-37 mm.

Width:
c. 1 mm.

Segments: 75-85 

Colour:
anterior segments slightly dark and iridescent but otherwise colourless: gut and dorsal blood vessel visible; clitellum yellowy.

Behaviour: docile, not usually abundant, coil on preservation.

Prostomium: open epilobous.

First dorsal pore:
none.

Setae (vii/ratio of aa:ab:bc:cd:dd:U): 8, a (and b?) missing from xvii. (6:1:5:1:18:0.5).

Nephropores: 
not seen.

Clitellum: 
xiii½,xiv-xix tumid and saddle shaped or annular, setae faint but retained.

Male pores:
xvii, small pair on protuberances in position of ab.

Female pores:
xiv, faint lateral slits just anterior to b.

Spermathecal pores:
none.

Genital markings: 
none.

Setpa:
present from 4/5 onwards.

Dorsal blood vessel: 
single continuous on pharynx.

Hearts:
ix, on either side of oesophagus, x and xi large vessels filled with blood.

Gizzard:
none.

Calciferous glands or diverticula:
pair of "ocnerodriline" glands in ix: shiny, rusty brown colour, discharging to oesophagus in 9/10.

Intestine origin (caeca, typhlosole):
xii, acaecate atyphlosolate.

Nephridia:
holonephridic: pair of large saccular nephridia per segement from about viii, discharging in B.

Testis/sperm funnels: seminal vesicles (?) in xi? and xii seen in only one specimen.

Ovaries:
xiii, small (with about a dozen oocytes each).

Fig. 1.13 Ocnerodrilus occidentalis, Samford specimen, (a) ventral view, (b) ocnerodrile diverticula from ix, (c) prostomium and (d) lateral view.  Aprostatic and athecate.

Prostates:
occasionally not found: absent, reduced or, if  present, variously as long thin ducts along nerve cord to xxx or coiled and confined to xvii.

Spermathecae:
not found.

Gut contents:
fine soil and dark and pale organic matter.

Notes:
The pharynx in about iii-v is surrounded by highly opalescent glandular mass.   The obscurity in some specimens of the typically long tubular prostates, suggest affinity with the variety O. o. arizonae, although the sinuous nature of these glands means they are often missed.  Possibly some specimens were not fully mature or the reproductive organs were reduced.

Remarks:
Specimens were collected in relatively high numbers only from cultivated fields at Biloela (see reference above to Gordiodrilus elegans).  Samford samples were found under pasture and in association with two other small species of Drawida and Amynthas.   Incidental collecting around Brisbane indicates that this species is fairly widespread but may not have been previously recorded due to its small size and somatic simplicity inferring immaturity.  In a glasshouse experiment this species was found to have marginal survival and slight influence on plant growth.  It is thus considered to be a benign introduction to the Australian fauna.

Genus Eukerria Michaelsen, 1935

Diagnosis: (from Jamieson, 1970c):  Lumbricine, setae closely paired.  Gizzard in vii or absent.  Calciferous glands or diverticula, one pair in ix.  Prostatic pores two pairs, on xvii and xix.  Male pores, in xviii.  Proandric.   Spermathecae, adiverticulate, with pores at 7/8 and 8/9.

Type species: Kerria halophila Beddard, 1892 from South America. 

Distribution: South America; two species are circummundane: E. kukenthali in Brazil, the Caribbean, Indian Ocean, and Indo-asia regions; E. saltensis in Chile, Argentina, Australia, USA, South Africa, New Caledonia and Myanmar.

Key to Eukerria peregrine outside South or Central America
Spermathecal pores in AB.........................................  E. kukenthali
Spermathecal pores slightly median to C..................... E. saltensis
Eukerria kukenthali (Michaelsen, 1908) (syn. E. selangorensis, E. peguana, E. asilis) is found in the West Indies, South America and south-east Asia.

Eukerria saltensis (Beddard, 1895).


Kerria saltensis Beddard,1895.


Acanthodrilus sydneyensis Sweet, 1900.


Kerria gunningi Michaelson, 1913. 


?Kerria nichollsi Jackson, 1931.


Eukerria saltensis; Gates, 1942, Jamieson, 1970.

Distribution: South America, spread worldwide by human and other agencies, in Australia previously reported from WA (Jackson, 1931), NSW and Vict? (Sweet, 1900; Blackwell and Blackwell, 1989) and Qld. (Jamieson, 1970c).

Locality:
Samford, Closeburn, CSIRO Narayen all in Qld; Whitton near Griffiths NSW (collector J. Blackwell); Woodburn Island, Maclean, NSW (collector CHT); Lismore NSW (collector B. Doube).  New records.

Habitat: 
generally in irrigated or sodden soil, under rice, sugarcane, pasture or bare soil.

Registration No.: 
numerous specimens.

Length: 
30-95 mm.

Width: 
generally 1 mm.

Segments: 97-131.

Colour:
unpigmented but red from blood and dark from soil in gut; anterior faint, but brilliant, blue iridescence (note: some forms may appear white from coelomocytes in body cavity).

Behaviour: 
fairly docile, body readily extends and is easily broken, coils up when preserved and when in water where several specimens were observed to aggregate to form balls.

Prostomium: 
epilobous: closed or open.

Fig. 1.14 Eukerria saltensis Samford specimen, (a) anterior view with (b) prostates and (c) spermatheca in situ, (d) prostomium and (e) laterally paired diverticula in ix.

First dorsal pore:
none.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, ab absent on xvii, b absent on xviii-xix. (3:1:3:1:10:0.44).

Nephropores: 
not visible.

Clitellum: 
xiii½,xiv-xx.

Male pores: 
xviii in slightly inwardly bowed seminal grooves between pairs of prostates equatorial in AB in xvii and xix.

Female pores:
xiv, variously: paired longitudinal slits anterior to a almost at 13/14; longitudinal slits just anterior to b; only a single pore found in 2 specimens just anterior to B line on right hand side.

Spermathecal pores:
7/8 and 8/9 lateral between B and C lines.

Genital Markings:
none.

Setpa:
5/6-11/12 all present and fairly thick.

Dorsal blood vessel: single, continuous on pharynx.

Hearts:
ix, x and xi.

Gizzard:
weakly muscular barrel or pear-shaped gizzard in vii.

Calciferous glands or diverticula:
pair of diverticula in ix, ventro-laterally discharging into oesophagus at 9/10 (glands have thick walls and central lumen in cross section).

Intestine origin (caeca, typhlosole):
commences in xi.

Nephridia:
holonephridia commencing from in front of clitellum, avesiculate.

Testis/sperm funnels:
free and iridescent in x and xi (small, white seminal vesicles in xi).

Ovaries:
large pair palmate in xiii.

Prostates:
two pairs of thin elongate tubular prostates with short muscular ducts in xvii and xix, intercoiled and extending back several segments.

Spermathecae:
two pairs in viii and ix; moderately small; ampullae may be bent at right angles to duct; adiverticulate.

Gut contents:
fine soil and colloidal organic matter.

Notes:
collected in relatively large numbers at CSIRO Narayen from sodden soil beside a water tank, where they were difficult to extract since they produced a viscous, "gummy" exudate that adhered to their bodies.  From Samford, they were found in very moist clay soil, either coiled at 5-10 cm depth or active in the root zone in two locations and in association with other earthworm species, including Aporrectodea trapezoides.  Those specimens obtained from CSIRO Griffith were collected (courtesy of Dr J. Blackwell) from a wet rice paddock at Whitton, NSW.


This species was introduced to cultivated soils in NSW, but failed to clearly demonstrate beneficial effects (Blackwell and Blackwell, 1989).  In the glasshouse in the current study, they were found to have slight to negligible effect on plant yield and soil structure, and their small size and susceptibility to injury made them difficult to handle.  An indifferent species in respect of this study although, like other peregrine species, their ubiquity and range of distribution in Australia from a supposedly South American origin is quite remarkable.

EUDRILIDAE Claus, 1880

Diagnosis: (from Gates, 1972): Lumbricine. Gicerate. Holonephric. Sperm ducts pass into euprostates, digitiform glands with muscular walls.  Seminal vesicles, trabeculate.  Spermathecae, behind testis segments.  Metagynous. 

Distribution: Tropical and subtropical Africa.  One species anthrophchorous. 

Genus Eudrilus Perrier, 1871

Diagnosis: Gizzard (in v?), ventro-median calciferous gland in each of x-xi and in xii a pair of lobular glands.  Hearts vii-xi, ventral setal couples of xvii lacking. 

Distribution: tropical west Africa and one species, Eudrilus eugeniae, circummundane in tropics by introduction; this species is widely cultured in North America as live bait for fishing.  The supposed occurrence in N.Z. was refuted by Lee (1959).  All but E. eugeniae are confined to Africa.  This is the first record for Australia.

Eudrilus eugeniae (Kinberg, 1867).


Lumbricus eugeniae Kinberg, 1967.


Eudrilus decipiens Perrier, 1871.


Eudrilus eugeniae; Michaelsen, 1900.

Distribution: West African origin, peregrine in many countries such as India and in South America.  Transported.

Locality:
Brisbane, Mackay (worm farmers).  Confirmation in Australia.

Habitat: 
in worm beds, worm farms, compost.

Registration No.: 
numerous specimens.

Length: 
115-165 mm, posterior tapers and becomes flattened.

Width: 
c. 4 mm.

Segments: 161-203 (constriction of xl-xlvi seen in several specimens may be aberration of preservation?).

Colour:
red-brown dorsum, anterior bright blue/green iridescent, ventrum beige, clitellum dark (sometimes lighter) brown, posterior colour faded.

Behaviour: 
active with rapid escape response, if captured  become very placid and can be readily handled.

Prostomium: 
small, open epilobous.

First dorsal pore:
none.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, closely paired, setae a and b on xvii absent (6:1:5:1:10:0.5).

Nephropores: 
just behind anterior furrow of each segment (longitudinal slits) from 3/4 in C or slightly more median (sometimes in D).

Clitellum: 
xiv-xviii, interrupted ventrally.

Male pores: 
in xvii on tips of longitudinally grooved, tapering, eversible penes in large ventral chambers retracted as lateral slits with wrinkled lips reaching 17/18, just anterior to 17/18 in line with b.

Female pores:
combined with "spermathecal pores".

Spermathecal pores:
pair lateral, presetal in xiv as raised ventral apertures intrasegmental and just anterior to c.

Genital Markings:
large central raised pad centred in xvii between male pores and faintly repeated in xviii.

Fig. 1.15  Eudrilus eugeniae, (a) ventral view, (b) vasa deferentia unite to form the euprostates leading to the copulatory chamber, (c) spermathecal aperture and combined ovary (oviduct unravelled), (d) prostomium, (e) calciferous glands and (f) dorso-lateral view of pygomere.

Setpa:
from 4/5: 7/8/9 and 14/15 thickened.

Dorsal blood vessel: 
single truncated at anterior hearts.

Hearts:
hearts vii-xi all distended with blood.

Gizzard:
weakly muscular in v immediately behind pharyngeal mass.

Calciferous glands or diverticula:
ventral set in x and xi (concealed by seminal vesicle): large and pink due to blood supply with many internal lamellae;  also in xii (concealed by seminal vesicle) a pair of lobular, yellow calciferous glands which are medially placed lateral to the oesophagus and ducted posteriorly into it in xiii.  This latter pair supplies by largish blood vessels (from supra-oesophageal vessels).

Intestine origin (caeca, typhlosole):
xiv.

Nephridia:
pair of large coiled nephridia obvious in each segment from iv.

Testis/sperm funnels:
testis not found, but large sacs seen in x and xi; seminal vesicles occupy xi and xii and are filled with coagulum.

Ovaries:
large egg filled sacs attached to each spermathecal atrium by long coiled tubes in xiv.

Prostates:
large pair of digiform euprostates, with white muscular sheen from viii extending to xxiii; acutely muscular enlargements of loop of paired sperm ducts which attach to apex of copulatory chamber mound internally.  A smaller blind duct attaches to base of mound mesially.

Spermathecae:
atrium with muscular sheen in xiv, extends back into long flaccid, convoluted gland, filled with coagulum and enclosed sheath; at junction oviduct attaches and is opposed by small glandular outgrowth.

Gut contents:
soil and organic matter (this species appears to be an adaptive feeder and will survive in unamended soil (by studies here) but also flourishes on organic material).

Notes:
small saccular "brown bodies" were observed loose in coelomic cavities from xiii, these may be enclosed shed setal follicles (Gates, 1972).   Genital markings in xvii and xviii were also recorded by Gates.  However, in his specimens, the anterior hearts were not found to be distended with blood.  The testis funnels of this species are small and free from spermatozoa, which aggregate in the ducts, thus are easily missed (as here).  This genus is characterised by internal fertilisation.

Remarks:
Specimens were purchased from a commercial "worm farm" in Brisbane, their stock had been established from cocoons obtained from Canada.   Commerce is mainly for the live fishing bait market and stock is sold through several outlets, including one at Mundubbera.  Other samples were obtained from a worm farmer in Mackay.


In North America, this species is especially favoured for breeding as fish bait where it is known colloquially as the "African Nightcrawler".  In the current studies a propensity to escape from containers at night and wander adds justification to this common name.  Despite its potential for spreading, there are no records of its general occurrence in North America.  Attempts to establish it in natural environments found that the worms do very well until the temperature drops to 40( F, at which time they die (Gates, 1972 p 52).  This species is also recommended as food for fish, birds etc. that refuse the more commonly cultured Eisenia fetida, in Brisbane it was the preferred food for duck-billed platypuses kept by the National Parks and Wildlife Service (G. Bosanquet, pers. comm.).


Supposedly preferring bedding material rich in organic matter, this worm was successfully maintained in unamended clay and sandy soils in the glasshouse and was found to consistently increase plant yield.   Copious surface casts were produced which are very distinctive as small pellets (up to 140 t ha-1 per annum in West African grasslands (Madge, 1969).  Cocoons are dark coloured and a tapered lemon-shape.

ACANTHODRILIDAE
Key to  Peregrine Oriental/Australasian Genera of an expanded Acanthodrilinae
1. 
Male pores on xviii, prostatic pores separate on xvii and xix (i.e. acanthodrilin) or with a single pair of prostates on xvii, holonephric, single gizzard present or absent (Acanthodrilinae)..........................................2


Meronephric, two gizzards.....................................................Dichogaster
2. 
Single gizzard, well developed, nephridial vesicles absent................3


Gizzard weak or absent, nephridial vesicles present..........................4

3.
Prostatic pores on xvii and xix....(Octochaetinae).............Octochaetus

Prostatic pores on xvii only,..................................................Rhododrilus
4.
Nephridia present in front of clitellum...............................Microscolex

Nephridia lacking in preclitellar segments, littoral...........Pontodrilus
Note: Pontodrilus species are circummundane and littoral.  They are not included in this study.

Rhododrilus has a single, dubius "endemic" in Australia: R. queenslandica which is rarely recorded from northern Qld., whereas the native acanthodrilin Diplotrema is very common in north and eastern Australia and is very similar in morphology to several African and American genera (e.g. the North American Genus Diplocardia).

Genus Rhododrilus Beddard, 1889

Diagnosis: A pair of combined male and prostatic pores on XVII.   Setae 8 per segment.  Holonephric, lacking bladders.   Prostates tubular, vasa deferentia usually with terminal dilation.

Description: Small earthworms with less than 200 segments.  Prostomium pro-epilobous to epilobous.   Dorsal pores present or absent.   Penial setae on XVII. Spermathecal pored one pair in 8/9.
Dorsal blood vessel single.  Last hearts in XII or XIII.   Gizzard muscular in V.  No calciferous glands. Intestine commences in XVI-XVII, typhlosole present. Holonephric, avesiculate.  Holandric, seminal vesicles present in IX and XII or XI and XII. Prostatic glands tubular, coiled.  Penial setae present (in XVII or XVIII?).  Spermathecae a single pair in VIII, the single diverticulum large.

Type species: Rhododrilus minutus Beddard, 1889 from NZ.

Distribution: NZ and Islands: Australia: northern Qld., Tasmania.


R. queenslandicus Michaelsen, 1916 from Cape York Peninsula, north Qld. conforms to the above generic definition.


The other report of this genus, from Tasmania (Jamieson, 1974a,b) is of R. littoralis Jamieson, 1974, which Dyne (1984) has  as a junior synonym of R. kermadecensis Benham, 1905, from Kermadec Island.

Note: Some members of Rhododrilus and Microscolex are very similar morphologically in having the microscolecin arrangement of male openings (i.e. male pore and prostatic pore close or combined on xvii) but those in the former genus are usually differentiated by having a muscular gizzard and lacking nephridial bladders.


Rhododrilus is endemic to New Zealand, especially the North Island, but is possibly not native to Australian although a few species may have been introduced and become naturalised and speciated following introduction (by oceanic rafting from the east?).   Alternatively, the single reported Australian mainland species, R. queenslandica (Michaelsen, 1916) may be a relic of ancestral stock shared with New Zealand.  Types of this species are missing and it has few other records (vide Dyne, 1984 where two specimens were located).  This genus has not been located by the present study and specimens have not been inspected, thus no further discussion of the genus is pertinent, and a full review of the relationships with other genera is beyond the scope of this study.

Genus Microscolex Rosa, 1887

Diagnosis: Digestive system without a well developed gizzard.  Nephridia vesiculate with ocarina-shaped bladders, nephropores in a regular series, in C line on each side.  Prostates tubular, acanthodrilin or microscolecin.  Setae 8 per segment. Generally there is a convergence of b setae to a setae in the  vicinity of male pores.


Notiodrilus and Yagansia are closely related genera of South America.

Key to Widely Distributed Taxa of Microscolex

Spermathecae, present........... Microscolex phosphoreus

Spermathecae, absent ..................... Microscolex dubius
Distribution: circum-antarctic, origin in southern South America, two species at least are distributed worldwide.


In Australia, two other species are recorded: Microscolex macquariensis (Beddard, 1896) is confined to Macquarie Island and M. kerguelarum (Grube, 1877) (regarded as a synonym of M. kerguelensis (Lankester, 1879) by Lee, 1965) from Kerguelen and Heard Island.

Notes:  Gates, 1972 considered Microscolex a "congeries of parthenogenic morphs" and suggested that M. luicae (Michaelsen, 1899) could be a quadriprostatic morph, ancestral to M. phosphoreus.  The possibility that M. dubius may be an athecal morph of M. phosphoreus was also proposed by Gates, 1972.  Jamieson (1975b) suggested that M. beddardi may be included in such a synonymy.    Michaelsen (1905 and 1911) argued that Microscolex originated in South America and its circum-antarctic distribution was largely due to oceanic transportation on prevailing (east to west) currents.  Southern South America appears to have a greater concentration of Microscolex species, many with euryhaline habitats and the peregrine habits of the several species support such an argument.  More recent transportations are by human agency.

Microscolex dubius (Fletcher, 1887)


Eudrilus(?) dubius Fletcher, 1887a.


Microscolex modestus Rosa, 1887.


Microscolex dubius, Rosa, 1889.

Type-Locality: Sydney, Mulwala, N.S.W. ("from a garden to which plants had been brought from Melbourne"); Adelaide S.A. ("possibly introduced") - Fletcher, 1887a.

Distribution: circummundane in warmer regions of the world: Australasia: S.A. (Baker et al., 1992; ?Barley, 1959), W.A. (Abbott and Parker, 1981); USA, South America, Europe, Mediterranean, S. Africa.  The supposed home of this peregrine species is in southern South America (Gates, 1972). 

Locality:
Mundubbera, Qld. New record.

Habitat: 
"abundant below surface of moist soil".

Registration No.: 70 collected 8/JUNE/69 by J. Patterson UQ (in BGM Jamieson collection).

Length: 
65-75 mm.

Width: 
3-4 mm.

Segments: 100-115, setal lines visible.

Colour:
pigment faded in alcohol, clitellum may be darker than body.

Behaviour: not phosphorescent (J. Buckerfield pers. comm.).

Prostomium: 
open epilobous.

First dorsal pore:
none found.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, evenly spaced ventrally, b setae converge immediately adjacent to male pores; setae on xvii modified as large penial setae (in position of setae a?), (5:3:5:3:22:0.3).

Nephropores: 
near anterior furrow of each segment from v median to C.

Clitellum: 
annular, xiii-2/3xvii (constricted on preservation?).

Male pores: 
on xvii, in raised circular porophores in AB, with enlarged a penial setae (male pores slightly lateral).

Female pores:
pair anterior to a setae in xiv.

Spermathecal pores:
absent.

Genital Markings:
none.

Setpa:
6/7-13/14 all thick.

Dorsal blood vessel: 
single 

Hearts:
last heart xii (also in ix-xi)

Gizzard:
none (small and weak in v).

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
oesophagus to xiii, intestine widens from xvi and reaches full width by xviii.

Nephridia:
pair of large holonephridia, with ocarina-shaped bladders, per segement.

Fig. 1.16 Microscolex dubius, from Mundubbera, Qld., (a) ventral view, (b) prostate.

Testis/sperm funnels:
in x and xi in sacs, seminal vesicles in x, xi and xii. 

Ovaries:
folded-fan-shaped strings in xiii.

Prostates:
tubular, smallish and bent into L-shape, ducts short.

Spermathecae:
none

Gut contents:
empty

Notes:  Fletcher reported seminal vesicles in only xi and xii.

Remarks:
I have not subsequently found this species in surveys of the area around Mundubbera; it is reasonably common in and around Adelaide SA.

Microscolex phosphoreus (Dugès, 1837)


Lumbricus phosphoreus Dugès, 1837.


Microscolex nova zelandiae Beddard, 1893.


Microscolex novaezelandiae Beddard, 1894.


Microscolex novaezelandiae Beddard, 1895.


Microscolex phosphoreus, Michaelsen, 1900.

Type-locality: from greenhouses at Montpellier, France.

Distribution: Cosmopolitan, occasionally reported from various (southern) states in Australia: S.A..  This species is probably indigenous to southern South America (Gates, 1972).

Locality:
Narayen, Brisbane, Samford, (new records) for Qld; Scullin, ACT (new record).

Habitat: 
clay pasture soil under irrigated shade plots, glasshouse pots, and riverbank; suburban garden.

Registration No.: 
numerous specimens collected by RJB.

Length: 
33-42 mm.

Width: 
1-1.5 mm.

Segments: 75-81.

Colour:
colourless almost ghostly, setal lines visible, clitellum cream to buff.

Behaviour: 
sluggish, bioluminescent.

Prostomium: 
closed or open epilobous.

Fig. 1.17 Microscolex phosphoreus, from CSIRO Samford and Narayen research farms, (a) ventral view (Samford), (b) prostate, (c) spermatheca, (d) prostomium; (h) ventral view (Narayen), (g) prostate and penial setae and (f) spermatheca.

First dorsal pore:
lacking (or from 10/11 but unclear in Samford specimen).

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, faily evenly spaced, but widening posteriorly (vii/dd:1/2U; xx/dd:aa), setae a and b on xvii modified as penial setae (seen in some specimens) (2:1:3:1:10:0.5).

Nephropores: 
near anterior furrow of each segment (in ii-iv in D) from 4/5 slightly median to C.

Clitellum: 
xiii-½xvii,xvii setae and furrows.

Male pores: 
equatorial on xvii, (possibly in a small longitudinal furrow) in pair of small raised circular paps which encompass (modified?) ab.

Female pores:
pair just antero-median to a in xiv.

Spermathecal pores:
one pair in A line in 8/9.

Genital Markings:
large central translucent depression centred in 17/18 and smaller pad posterior of xvii.  On samford specimen a circular genital marking was seen presetally on the left.

Setpa:
5/6-11/12 weak, 12/13-15/16 membranous.

Dorsal blood vessel: 
single.

Hearts:
last heart xii (also in ix,x-xi).

Gizzard:
very small and weak in v.

Calciferous glands or diverticula:
none although oesophageal dilations noted in ix-xiii.

Intestine origin (caeca, typhlosole):
oesophagus to xv, intestine widens from xvi or xvii (acacate, atyphlosolate) 

Nephridia:
pair of very large vesiculate holonephridia per segment.

Testis/sperm funnels:
iridescent funnels free in x and xi; acinous seminal vesicles in xi and xii.

Ovaries:
compact, palmate in xiii.

Prostates:
short and tubular, ducts thin and shorter than gland, a pair of penial setal sheaths sometimes obvious near ectal end.

Spermathecae:
in ix, small with pear shaped ampulla and two (occasionally only one) iridescent diverticula opposed on short duct which opens in a line.

Gut contents:
soil and organic matter.

Notes:
Opalescent glandular masses surround pharynx/oesophagus in iv, v and vi.

Remarks:
found in high numbers at Narayen after irrigation under shade plots in pasture, in association with native Diplotrema narayensis.  In glasshouse trials, this species appeared "spontaneously" in some pots and displayed moderate reproduction or, at least, persistence, but no substantial effect on plant growth.   In this regard, it is considered a benign inclusion to the Australian fauna.

Key to Oriental Genera of the Octochaetidae(-nae) (from Gates, 1972).
1. 
Vascular system, with a subneural trunk .... Priodoscolex Monotypic, India. 
Vascular system, without a subneural trunk...................................................  2

2. 
Oesophageal gizzard, single...............................................................................  3


Oesophageal gizzard, doubled.......................................................................... 14

3. 
Discrete calciferous glands, none.....................................................................  4


Discrete calciferous glands, present.................................................................  6

4.
Intestinal origin, anterior to xvi ......Ramiella India, the type species: Ramiella (Octochaetus) bishambari (Stephenson, 1914) transported.

 
Intestinal origin, behind x..................................................................................  5

5.
Calciferous lamellae, in xvi or xvi-xvii........................Howascolex, congeries of species endemic in America, Africa and India


Calciferous tissues, if any, in xii-xiv ........................................Celeriella Indian

6.  
Setae, 8 per segment...........................................................................................  7


Setae, more than 8 per segment...................................................................... 13

7. 
Calciferous glands, all behind xiii.....................................................................  8


Calciferous glands, not or not all behind xiii.................................................  9

8.
Calciferous glands, one pair, usually asymmetrical, with short stalk to gut at or close to insertion of 15/16................................................................Octochaetona (=Octochaetus s. lat.) Endemic to peninsular India, two species peregrine.


Calciferous glands, not so characterized....................... Octochaetoides India

9. 
Calciferous glands, intramural.......................................................................... 10

 
Calciferous glands, extramural......................................................................... 12

10. 
Calciferous glands, in xii.................................................................................... 11

 
Calciferous glands, in xi, xii ...........................................Bahlia Gangetic India

11. 
Intestinal typhlosole, not rudimentary ........................ Eutyphoeus Indo-Asian, with two or three Indian species being transported to adjacent countries.


Intestinal typhlosole, rudimentary ................Scolioscolides Himalayan India

12. 
Excretory system, enteronephric .............................Travoscolides South India


Excretory system, exonephric ............................. Calebiella Monotypic, India 

13. 
Calciferous glands, behind xiii.............Priodochaeta Monotypic, South India

 
Calciferous glands, not behind xiii .................Hoplochaetella Western India

14. 
Calciferous glands, behind xiii.......................................................................... 15


Calciferous glands or tissues, not behind xiii................................................ 16

15. 
Calciferous glands, with a pair of vertical lobes in each of xv, xvi, xvii .....................................................................................Dichogaster widespread, peregrine


Calciferous glands not so lobed or placed..........Octochaetoides (part) India

16. 
In viii, no gizzard................................................................................................ 17


In viii, one gizzard.................................................. Octochaetoides (part) India

17. 
Calciferous glands, 4 pairs, in x-xiii................................................................. 18


Calciferous glands, less than 4 pairs............................................................... 19

18. 
Gizzards, in v-vi.................................................................. Pellogaster NE India


Gizzards, in vi-vii.........................................................Rillogaster Western India

19. 
Calciferous glands, in x-xii........................................Lennogaster India/Burma


Calciferous glands, in xi, xii.............................................................................. 20

20. 
Intestinal roof with a gridlike thickening at posterior end of typhlosole....... ........................................................................................................ Barogaster India


Intestinal roof with equatorially separated, supra-intestinal glands at end of typhlosole.......................................................... Eudichogaster Western India

Genus Dichogaster Beddard, 1888

Type-species: Dichogaster damonis Beddard, 1888 from Viti.


Species of Dichogaster number over 200 several of these have circumtropical distributions.  Peregrine asiatic species are characterized as follows (after Gates, 1972):  Digestive system with two gizzards in front of 8/9, with a pair of trilobed calciferous glands, an intestinal origin in xix(?), a lamelliform typhlosole beginning in the region of xxii-xxiii and lateral typhlosoles through some or all of xxii-xxix, but without caeca and supra-intestinal glands.  Calciferous glands, trilobed, a vertically reniform lobe in each of xv-xvii, the common duct opening dorsolaterally in xvi.  Last hearts in xiii.  Excretory system, meroic, nephridia exoic (except ii-iv?), astomate and tubular/discoid.  ("saccular" by Pickford, 1938).  Lumbricin, prostatic segments have long penial setae.  Dorsal pores. Intersegmental furrow 1/2 faint or indistinct.  


The species found in asiatic regions are non-endemic, whether the original home is in tropical Africa or America or both is undetermined.  The large number of Dichogaster species from Central Africa (Csuzdi and Zicsi, 1989) and species and related genera from Central and South America (Csuzdi and Zicsi, 1991) attest to a wide endemicity.  However, Gates (1972) states that it is an "African Genus".

Key to Peregrine Dichogaster in Asiatic region
1.
Quadriprostatic......................................................................................................2


Biprostatic................................................................................................D. saliens
2. 
Female pore, single/central..................................................................D. bolaui

Female pores paired.............................................................................................3

3. 
Median genital markings usually present...........................................D. affinis

Genital markings lacking.....................................................................................4

4.
Clitellum annular, gizzards v and vi..............................................D. malayana

Clitellum saddle-shaped, gizzards after v.........................................................5

5. 
Gizzards in vi and vii; spermathecal duct narrow........................D. curgensis

Clitellum only annular in xiii, gizzards vii and viii?; spermathecal duct bulbous; penial setae of one kind tapering to a hairlike process.......D. modigliani
Note: Dichogaster affinis differs only slightly from Dichogaster modigliani which has these characters: no genital markings, dark grey colour, fewer segments.  D. curgensis is also similar to D. modigliani but has female pores in the sites of missing a setae and is only reported from India and Burma.

Dichogaster affinis (Michaelsen, 1890).


Benhamia affinis Michaelsen, 1890.


Benhamia floresina Horst, 1893.


Benhamia crassa Beddard, 1893.


Benhamia mexicana Rosa, 1891.


Dichogaster sinuosus Stephenson , 1931.


Dichogaster curgensis v. unilocularis Stephenson, 1931.


Dichogaster sinicus Chen, 1938 (nom. nudum D. sinensis Chen, 1938)

Distribution: Asia, Tropical Central and South America, Africa, Canary Islands (Talavera, 1992), Pacific Islands (Easton, 1984). This is the first record from Australia.

Locality:
Brisbane (Narayen?, Biloela?).  New record for Qld. and Australia.

Habitat: 
clay soil in pots in glasshouse (cultivated clay soils).

Registration No.: 
numerous specimens obtained from soil cores in a glasshouse.

Length: 
25-39 mm.

Width:
1-1.5 mm.

Segments: 107-140 with much secondary annulation after clitellum, intersegmental furrow 1/2 indistinct ventrally.

Colour:
pigmentless but anterior appears pinkish, the hearts and calciferous glands give the appearance of red and white "collar", faintly iridescent sheen.

Behaviour: 
moderately active, if agitated exudes yellow coelomic fluid which has a distinctive smell, if stressed further a lashing response of the body is observed.

Prostomium: 
epilobous: slight or marked V-shaped notch both dorsally (as furrow to 1/2) and ventrally on peristomium.

First dorsal pore:
5/6 (only 13/14 visible on clitellum)

Setae (vii/ratio of aa:ab:bc:cd:dd:U): 
8 per segment closely paired on the ventrum; setae of xvii and xix penial on poropores but not visible externally (4:1:3:1:24:0.6).

Nephropores: 
minute but exposed by ejecta on preserved specimens as being in four equally spaced rows lateral to D on each side.

Clitellum: saddle shaped: xiii-xxi extends further dorsally.

Male pores: 
in tumid seminal grooves on xviii which run vertically from raised prostatic porophores on xvii and xix.

Female pores:
just anterior to a in raised pad on xiv which encompasses ab and reaches to 13/14-14/15.

Fig. 1.18 Dichogaster affinis (a) ventral view showing (b) prostates with penial setae and (c) spermathecae in situ, (d) prostomium, (e) dorsal dissection with gizzards, calciferous glands, saccular nephridia, prostates and intestinal typhlosole exposed, (f) lateral view (and a cocoon). 

Spermathecal pores:
in AB lines, 2 pairs in 7/8 and 8/9.

Genital markings:
Faint or distinct, mid-ventrally as eye-shaped translucent dishes in 7/8 and 8/9 (9/10 and 11/12 too?).

Setpa:
weakly developed and displaced posteriorly (from 5/6).

Dorsal blood vessel: 
single, continuous onto pharynx (ventral vessel bifurcates into hairpin loops on each side under gizzards).

Hearts:
xi, xii, xiii.

Gizzard:
co-joined pair, white with sheen, muscular; typically displaced posteriorly to vi and vii or viii.

Calciferous glands or diverticula:
three pairs of white reniform glands surrounding oesophagus in xv, xvi, xvii, the anterior pair smaller.

Intestine origin (caeca, typhlosole):
widens appreciably in xvii after calciferous glands, dorsal typhlosole after about xxi.

Nephridia:
saccular meronephridia in 4 rows on each side clearly visible from anterior through clitellar segments and on (containing fat reserves?).

Testis/sperm funnels:
iridescent funnels in both x and xi.

Ovaries:
a pair in xiii, palmate with 3 or 4 egg strings.

Prostates:
a pair confined in each of xvii and xix with sheaths of the penial setae close to the short muscular ducts.

Spermathecae:
two pairs, small each with wide duct bearing midlength on anterior wall a short-stalked bulbous iridescent diverticula and terminating in a spherical or deformed yellowish ampulla.

Gut contents:
fine soil material and few small grits.

Notes:  when preserved, rows of external ejecta corresponding to the position of the saccular nephridia were often observed indicating exonephry.    Specimens were recovered from clay soil cores obtained from Narayen and kept in the glasshouse for many months with constant watering.  The numbers recovered were very high and equivalent to a population of more than 7,000 m-2.  When reintroduced into fresh cores of both sandy and clay soils the populations increased by factors of 10 over six months and were responsible for markedly increased yields of plants.  This species has not been located in the field, and reports of its presence at Biloela (G. Dyne pers. comm.) was not verified by surveying (see D. bolaui below).

Dichogaster bolaui (Michaelsen, 1891).


Benhamia bolavi (corr. bolaui) Michaelsen, 1891.


Benhamia octonephra Rosa, 1895.



Benhamia palmicola Eisen, 1896.


Benhamia bolaui pacifica Eisen, 1900.


Benhamia rugosa Eisen, 1896.


Benhamia malayana Horst, 1893.


Dichogaster bolaui decanephra Michaelsen, 1915.


Dichogaster bolaui malabaricus Stephenson, 1920.


Benhamia lageniformis Friend, 1916.


Dichogaster bolaui; Michaelsen, 1900; Stephenson, 1917, 1923.

Note: 
the D. b. malabaricus morphs have paired spermathecal diverticula.

Distribution: Asia, America, Europe, Australia (Qld.).  Pan-tropical, very common worm.

Locality:
Brian Pastures (Gayndah), Mundubbera, Biloela, Brisbane, Samford, Mt Cotton:  all new records for Qld.

Habitat: 
soil under crops, pasture, citrus and hay; in glasshouse pots.

Registration No.: 
numerous specimens.

Length: 
25-35 mm.

Segments: 86-92 intersegmental furrow 1/2 faint, some secondary annulation in anterior segments, fine longitudinal striations, especially posterior to clitellum, frequently observed (see D. saliens).

Colour:
anterior dorsum with brownish pigment, clitellum yellowy otherwise only faintly pigmented.  Dark dorsal line visible as are the pale internal calciferous glands. 

Behaviour: exudes a clear fluid and lashes body when irritated.

Prostomium: closed epilobous, anteriorally placed and not extending backwards - often everted on preservation to expose a large flat anterior pharyngeal pad.

Fig. 1.19 Dichogaster bolaui Biloela specimen (a) ventral view (pharynx everted), (b) spermathecae (c) paired gizzards and calciferous glands, (d) lateral view.

First dorsal pore:
5/6 (occluded?), 6/7 and continuous thereafter, including on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U): 
8; small and closely paired on ventral surface; ab of xvii and xix modified as penial setae with common opening at prostate pore and visible externally; ab (and c) setae of xiv lacking? (4:2:5:2:30:0.3).

Nephropores: 
minute.

Clitellum: 
xiii-xix, xx.

Male pores: 
in curving seminal grooves on xviii between prostatic pores on xvii and xix.

Female pores:
single, central and almost equatorial on tumid pad that encompasses ab couples of xiv.

Spermathecal pores:
close to A lines of 7/8 and 8/9.

Genital markings:
none.

Setpa:
anterior septa missing or reduced, those of 5/6 thin and dorsally displaced and easily torn (this may account for variations in location of organs).

Dorsal blood vessel: single and continuous onto the pharynx.

Hearts:
x, xi, xii.

Gizzards:
muscular pair in train from vi and vii, displaced posteriorly to appear in segments viii and ix (obscuring the spermathecae).

Calciferous glands or diverticula:
three pairs of whitish reniform calciferous glands in xv, xvi, xvii (displaced one or more segments?).

Intestine origin (caeca, typhlosole):
intestine widens in xvii (typhlosole not seen).

Nephridia:
around the clitellar segments, large saccular meronephridia in 4 rows on each side.

Testis/sperm funnels:
in x and xi, iridescent.

Ovaries:
xiii? not located.

Prostates:
two pairs in xvii and xix (although the latter pair appears to occupy xviii).

Spermathecae:
two pairs in viii and ix, each with tapered duct bearing small, lobed and anteriorally directed, iridescent diverticulum; ampulla spherical (bent?).

Gut contents:
fine soil.

Notes:
collected from DPI Brian Pastures near a hay barn in association with Digaster brunneus; Mundubbera in irrigated sandy soil in an orchard; Biloela, in low numbers in cultivated field; from Samford in clay soil under pasture where one specimen was being attacked by a bright cobalt blue planarian, and from besides the South Pine River; and from Mt. Cotton UQ farm under Leaucaena leucocephala also as incidental inclusions to worm stock cultures maintained in the glasshouse in Brisbane.  Often found dead beside plant pots after watering in homes in Brisbane.


This small species appears to be ubiquitous in many sites but does not attain especially high density.  Talavera (1992) found this species common in urban environments whereas D. affinis was more widespread in alkaline soils of cultivated areas in the Canary Islands, the results for these two species in the present study tended to indicate a contrary  distribution.

Dichogaster saliens (Beddard 1892).


Microdrilus saliens Beddard, 1892.


Dichogaster saliens; Michaelsen, 1900; Stephenson, 1923, 1931.


Dichogaster crawi Eisen, 1900.

Distribution: Asia, America, Africa, N.W. Australia, i.e.  pan-tropical but possibly at higher elevations.

Type-locality was Kew Gardens, in soil from Singapore (and Penang?).  For D. crawi, type locality was in a greenhouse in California.

Locality:
Brisbane, Samford, Mt Cotton - new records, Qld.

Habitat: 
in glasshouse pots; soil under trees, crops and pasture.

Registration No.: 
numerous specimens.

Length: 
30-55 mm (17-70, Gates, 1972).

Width:
1.5-2.5 mm.

Segments: 105-118 (73-120, Gates, 1972) intersegmental furrow 1/2 faint, some secondary annulation and, occasionally, fine longitudinal striations after the clitellum (as seen in D. bolaui).

Colour:
anterior dorsum with dark brown pigment, clitellum copper-brown.  Dark dorsal line visible.  

Behaviour: 
lashes body vigorously when irritated.

Prostomium: 
closed epilobous reaching almost to 1/2.

First dorsal pore:
(3/4?) 4/5 or 5/6 and continuous thereafter, except on other than the first and last intersegments on clitellum.

Setae (vii/ratio of aa:ab:bc:cd:dd:U): 
8; small and closely paired on ventral surface; ab of xvii modified as penial setae with common opening at prostate pore and visible externally; ab setae of xiv lacking? (3.5:1.0:3.5:25:0.65).

Nephropores: 
minute?

Clitellum: 
xiii-xx.

Male pores: 
not seen but closely paired raised poropores in xvii slope backwards in seminal grooves to the equator of xviii.

Female pores:
paired, central and almost equatorial on slightly tumid pad that encompasses ab couples of xiv.

Spermathecal pores:
close to A lines of 7/8 and 8/9.

Genital markings:
sometimes a central circular disk in xv/xvi.

Setpa:
septa from 1/2 fairly thick, 5/6/7/8 missing or reduced.

Dorsal blood vessel: single and continuous onto the pharynx, ventral blood vessel double, no sub-neural vessel.

Hearts:
(xii) xiii 

Gizzards:
preceded by a "crop" in vi: a muscular pair in train from vii and viii (?), displaced posteriorly to appear in segments ix and x.

Calciferous glands or diverticula:
three pairs of whitish digiform calciferous glands in xv, xvi, xvii, the anterior pair smallest, the posterior pair without external lamellae.

Intestine origin (caeca, typhlosole):
intestine widens in xvii (typhlosole not seen).

Nephridia:
around the clitellar segments, large saccular meronephridia in 4 rows on each side.

Testis/sperm funnels:
in x and xi, iridescent.

Fig. 1.20 Dichogaster saliens, Samford specimen (a) ventral with (b) prostate and penial setae, (c) spermathecae in situ; (d) dorsal dissection, (e) ventral view.

Ovaries:
small rosettes in xiii (ovisacs in xiv).

Prostates:
single pair in xvii large tubular glands thinning to long, muscular ducts each with a gland and setal sheaves at the ental end.  Prostates overlie serpentine vas defferens.

Spermathecae:
two close pairs in viii and ix, each with tapered duct bearing small, pendulate digiform anteriorally directed, diverticulum (occasionally iridescent); ampulla spherical, flattened and bent almost at right angles.

Gut contents:
fine soil.

Notes:
collected from Samford in clay soil under pasture and from alluvial sandy soil beside South Pine River, where it was found in appreciable numbers in association with various other lumbricids,  native, and exotic megascolecids.  From Mt. Cotton under leucaena.   In the glasshouse in Brisbane, large numbers of D. saliens were extracted from clay soil from Narayen and these were added to a worm-free sandy soil which subsequently demonstrated increased plant yield.


Two forms seem to be encountered, a smaller morph obtained from glasshouse pots and a substantially larger morph collected in the field: dissection failed to find features of differentiation other than size so they could represent age classes.  D. saliens is reported by Gates (1972) to be presumably biparental, although these the smaller specimens may represent parthenogenic morphs as reported for  Dichogaster bolaui (in Edwards & Lofty, 1977 p 63).

Genus Octochaetona Gates, 1962

Diagnosis: Small oesophageal gizzard (vi?) in coelomic space where septa abortive, one pair of calciferous glands opening in or around 15/16, intestinal origin behind xvi.  Hearts x-xii.  Dorsal blood vessel single.  Meroic, avesiculate, astomate, biramous, exoic posteriorly.  Setae, lumbricine; xvii and xix penial.  Dorsal pores present. Quadriprostatic, pores in seminal grooves in xvii to xix. Quadrithecal, pores intrasegmental. 

Distribution: India and transported.  

Note:  Octochaetids are referred to Monogaster if of African origin and Octochaetoides (with discrete calciferous glands) and Octochaetona (with large calciferous glands) if Indian; in New Zealand a possibly unrelated genus (Lee, 1959; Jamieson, 1971b p104) is Octochaetus (without penial setae, dorsal vessel paired, and spermathecal pores intersegmental) which Lee (1959) considered to be  closer in relationship with the N.Z. 'Eodrilus'.

Key to peregrine species of Octochaetona
Spermathecal pores mid-ventral in AA, unpigmented, ...............beatrix
Spermathecal pores in AB, pigmented, ........................................surensis
Octochaetona beatrix (Beddard, 1902).


Octochaetus Beatrix (sic) Beddard, 1902.


Octochaetus dasi Stephenson, 1914.


Octochaetus lunatus; Gates, 1929.


Octocheatus (Octochaetoides) fermori Stephenson , 1931.


Octochaetoides beatrix; Gates, 1955.


Octochaetona beatrix; Gates, 1962, 1972.

Distribution: northern India (endemic?), Nepal, Myanmar, Malaysian Peninsula, Philippines.  This is the first record for this species in Australia.
Locality:
Samford; Mundubbera: new records for Qld. and Australia.

Habitat: 
moist, alluvial soil under plant litter; sandy irrigated orchard.

Registration No.: 
numerous specimens collected RJB.

Length: 
92-110 mm.

Width:
4-5 mm.

Segments: 129-198 with much secondary annulation in pre-clitellar region after v.

Colour:
unpigmented or grey-white bodies, dorsal blood vessel and gut contents visible through epidermis; clitellum bright yellowy orange.

Behaviour: 
moderately active, a yellow sticky fluid is ejected when handled.

Prostomium: 
small, closed epilobous: dovetails into wrinkled first segment.

First dorsal pore:
only obvious from penultimate furrow of clitellum 17/18 onwards.

Setae (ratio of aa:ab:bc:cd:dd:U/xii): 
8 per segment: ab closely paired cd widely paired all visible ventrally; ab setae of xvii and xix penial on small poropores but not protuberant (ab setae of xviii retained but obscured by folds?), ventral setal couples narrow then diverge conspicuously after clitellum (2.0:1.0:2.5:1.3:16.0:0.6).

Nephropores: none visible.

Clitellum:   annular: xiii-xxii, setae retained, furrows obscured.

Male pores: 
male field a circular hollow from ½xvii-½xix, male pores presumed on xviii, in seminal grooves which run vertically from slight prostatic porophores in A line on xvii and xix.

Female pores:
pair anterio-ventral to aa in lateral depressed groove on xiv.

Spermathecal pores:
two pairs: intra-segmental, mid-ventral just anterior to aa in viii and ix in small co-joined pad-like papillae (irregular black setae observed in these corny pads in one specimen possibly the partners' detached penial setae following amphimixis?).

Genital markings:
none.

Setpa:
4/5/6 muscular, 6/7 and 7/8 aborted, 8/9-11/12 thick and shifted backwards, 12/13-19/20 moderately thick.

Dorsal blood vessel: 
single, continuous over gizzard onto long, retracted pharynx in iv-v.

Hearts:
x, xi, xii, xiii (in xiii, a pair of large vessels branch laterally on side wall of clitellum then divert posteriorly).

Gizzard:
large, muscular and onion shaped but flattened occupying vii and viii (in region of aborted septa).

Calciferous glands or diverticula:
large single pair of convoluted calciferous glands in xv/xvi attach ventro-laterally to gut through short ducts (in 15/16).

Intestine origin (caeca, typhlosole):
 xvi after calciferous glands (no caeca, large bifid lamelliform typhlosole commence after constriction in about xxiv).

Nephridia:
numerous micromeronephridia in each segement.

Table 1.2. Previous descriptions of Octochatona beatrix
______________________________________________________________

Character
length mm

width mm

segments

colour

dorsal pores

setae

clitellum

male pores

female pores

spermathecal pores

septa

gizzard

calciferous glands

typhlosole

last hearts

testis

testis funnels

seminal vesicles

prostates

spermathecae


Stephenson, 1923
70-80

4

192

grey, clitellum orange

12/13

aa=2.5ab=bc=1.5cd;dd=0.6;  aa closer before and after clitellum

xiii-xvii,½xviii

median, xviii in a bowed seminal groove

pair at bottom of transverse groove

on minute papillae 

near middle of viii and ix

5/6 thick, next 8/9, 10/11/12 close

short, ring form  in 5/6-8/9

1 large, lobed pair in xv-xvi

prominent, double from xx

xiii

xi (absent x)

x and xi

1 pair: small and compact in xii

1 or 2 pairs, small

minute, ovoid beside nerve cord, no diverticula


Gates, 1972
50-100

2-5

to 196

unpigmented

12/13

AB<CD<BC<AA, DD>½C; ab of viii and ix modified

xiii-xvii, xviii

in xvii-xix in 

seminal groove in AA

AA

minute, at or before equator in viii and ix

4/5 thick, 5/6-7/8 lacking,10/11/12 adherent

small, from vi

pair, opening in 15/16

ends in civ-cxii

xiii

metandric but funnels of x retained

small in xii

2 pairs, posterior pair sometimes lacking

small beneath gut, 

diverticula flat on duct, easily missed

______________________________________________________________
Fig. 1.21 Octochaetona beatrix from Samford, (a) ventral view (b) prostates and (c) spermathecae  in situ (d) prostomium (e) enlargement of spermathecae (f) gizzard (g) calciferous glands.  All but (e) are to the same scale. 

Testis/sperm funnels:
iridescent testis funnels in x and xi, the anterior pair smaller (large, smoky seminal vesicle in xii).

Ovaries:
a pair in xiii, palmate each with several egg strings, and egg funnels; in xiv ovary-like structures are ovisacs.

Prostates:
two pairs of small convoluted tubular prostates on short ducts and with sheaths of the penial setae close to ectal ends, confined in each of xvii and xix; between the sets of prostates the interior bodywall in xviii has a muscular sheen.

Spermathecae:
two pairs, bulbous ampullae tapering to short, wide ducts bear single, small, sub-spherical to flattened, iridescent diverticula (diverticula may be enclosed in sheaths and attached so care is needed to tease them out).

Gut contents:
very fine silt plus coarse sand granules and some unidentified organic matter (geophagous?).

Notes:
This species was found in relatively high numbers in sandy, irrigated soil in recently planted rows (therefore not heavily contaminated with pesticides?) of young citrus in the  Golden Mile orchard at Mundubbera.  At Samford, it was only occasionally found in association with Aporrectodea trapezoides and other species under litter in alluvial pasture.  Good regeneration after damage was noted but survival in culture was only fair.  It is believed to be geophagous.  Cocoons are dark red/yellow, lemon shaped about 6 mm long.  


The species described here fall within previous accounts of Octochaetona beatrix (Table 1.2).  This is the first record for this species in Australia.





Family MEGASCOLECIDAE
Genus Pheretima s. lat.
 Keys to the genera of Pheretima s. lat. complex are updated from Sims and Easton (1972) and Easton (1979, 1982) with some additions and amendments derived from this study and other sources to emphasise the Australian context.


Pheretima s. lat  are characterized as perichaetine, meronephric Megascolecidae with a single, well developed gizzard between septa 7/8 and 10/11 (except for the monotypic genus Pleionogaster) and racemose prostates.  Externally, these exotic Oriental perichaetine species may be confused with certain Australian native taxa: Megascolex, Diporochaeta,  Perionychella and Spenceriella and with the Indian Lampito and Perionyx.  However, unlike the other pheretimoids, species of these latter genera may have clitella extending beyond segments xiv to xvi, have wide ventral and dorsal gaps in the setal rings (and setae absent from between the male pores) and gizzards, if present, before vii. 

Introductory Key to pheretimoid genera (from Sims and Easton, 1972).
Note:  Externally similar perichaetine specimens but with gizzard absent or rudimentary in v or vi and holonephridia, refer to Perionyx.
1.
Setae crowded ventrally, "creeping sole" present, body usually flattened dorsoventrally.................................................................................Planapheretima

Setae not crowded ventrally, body cylindrical..................................................2

2.
Oesophageal and intestinal gizzards..............................................Pleionogaster

Intestinal gizzards absent......................................................................................3

3.
Intestinal caecum(a) absent..................................................................................4


Intestinal caecum(a) present................................................................................7

4.
Oesophageal gizzard before 7/8 ...................... Lampito Note: certain native Australian species key out here, for these the "Native Keys" should be consulted.


Oesophageal gizzard after 7/8.............................................................................5

5.
Clitellum begins on xiii; spermathecal diverticula multilocular....................... ............................................................................................................Archipheretima

Clitellum begins on xiv; spermathecae (when present) with simple diverticula.................................................................................................................6

6.
Crescent markings associated with male pores......Metapheretima Note: this genus now absorbs Ephemitra of Sims and Easton, 1972 .


Crescent markings absent...............................................................Polypheretima
7.
Intestinal caeca originating in xxv,........................................................Begemius

Intestinal caecum(a) originating before or after xxv.......................................8

8.
 Intestinal caecum(a) originating in or near xxii.............................Pithemera

Intestinal caeca originating in or near xxvii......................................................9

9.
Male pores superficial or raised on porophores.............................Amynthas*


Male pores within large, lateral apertures of copulatory pouches.............10

10.
Spermathecal ducts free of nephridia.................................................Metaphire

Nephridia on spermathecal ducts..................................................Pheretima s.s.
* Caution:  immersion in preservative may cause copulatory pouches of some specimens to evert, or superficial pores to invaginate, also, immature specimens may not have developed pouches or porophores.

Distributions: 
Archipeheretima, Philipines, Borneo.

Begemius, endemic in New Guinea and spread to northern Queensland.

Pleinogaster, Philipinnes, ?Moluccas.

Pithemera, Solomon Islands, New Britain, Fiji, Samoa - one species, Pithemera bicincta, peregrine.

Metapheretima (Ephemitra), New Guinea, New Britain, Lombok (Carolines, Solomon Islands and New Hebrides).

Polypheretima, "Pheretima group domain": India, Japan, Vietnam, Myanmar, Malaysia, Indonesia, New Guinea etc. peregrine species are: P. brevis, P. pentacystis, P. elongata and P. taprobanae.

Planapheretima, China, Myanmar, Sumatra, Borneo, Celebes, New Guinea.

Amynthas, Oriental region, ?Australasian region, and introduced globally.  About ten species are allochthonous of which six have been recorded from Australia previously.

Metaphire, Oriental region from Japan to Indo-Australian archipelago and Oceania; about eight species are peregrine, three are reported from Australia.

Pheretima, Australo-Asian region, some peregrine species (e.g. P. darnleiensis, P. montana).

Note: "it is possible that several of the species assigned to Metaphire may belong to Pheretima s.s. since reference to the presence or absence of nephridia on the spermathecal ducts is frequently not made in descriptions" (Sims and Easton, 1972).

A guide to allochthonous family Megascolecidae in Australia (modified and amended from Easton, 1982):


Peregrine Pheretima s.lat. include these species at least: Amynthas alexandri, Metaphire anomala, Pithemera bicincta, Metapire birmanica, Metaphire californica, Amynthas corticis, Pheretima darnleiensis, Polypheretima elongata, Amynthas gracilis, Metaphire houlleti, Amynthas minimus, Pheretima montana, Amynthas morrisi, Amynthas papulosus, Metaphire peguana, Metaphire planta, Metaphire posthuma, Amynthas robustus, Amynthas rodericensis and Polypheretima taprobanae.

The peregrine Perionyx excavatus which is established in the West Indies, Hawaii and, following this study, in Australia, is from a homeland in the Himalayas (Gates, 1972).  Lampito mauritii is widely dispersed from its native South India and has not thus far been reported from Australia, but is included in this key and is described here.

Key to allochthonous, Australian pheretimoids, i.e. species which are perichaetine, usually gicerate and meroic, with unpaired female pore:
1.
Gizzard absent or rudimentary in v or vi; holonephric............................ .....................................................................................................Perionyx excavatus

Gizzard(s) present; meronephric .......................................................................2

2.
Oesophageal gizzard before 7/8, acaecate...native genera or Lampito spp.*


Single oesophageal gizzard after 7/8.................................................................3

3. 
Intestinal caeca originate in xxv; lateral crescent marks near male pores (from Cape York peninsula, Qld.)............................................................Begemius spp.

Intestinal caeca absent or originate before or after xxv.................................4

4. 
Spermathecae present...........................................................................................5


Spermathecae absent (immature?)...................................................................16

5. 
First spermathecal pores in furrow 4/5. (5 thecal segments)........................6


First spermathecal pores in furrow 5/6.............................................................7


First spermathecal pores in furrow 6/7...........................................................12


First spermathecal pores in furrow 7/8...........................................................15

6. 
Male pores superficial, intestinal caeca originate in xxii................................... .....................................................................................................Pithemera bicincta

Male pores within copulatory pouches; intestinal caeca originate in xxvii.... ...................................................................................Pheretima darnleiensis (part)

7. 
One or 2 thecal segments.....................................................................................8


Three thecal segments..............................................................Amynthas gracilis

Four thecal segments...........................................................................................10

8. 
Male pores superficial; intestinal caeca present..............................................9


Male pores within copulatory pouches; intestinal caeca absent ..................... ..................................................................................Polypheretima elongata (part)

9. 
One thecal segment....................................................Amynthas minimus (part)


Two thecal segments......................................................Amynthas morrisi-group
10. 
Male pores superficial; genital markings usually present............................11


Male pores within copulatory pouches; genital markings absent .......... .................................................................................Pheretima darnleiensis (part)

11.
Spermathecal pores ventrolateral...........................................Amynthas corticis

Spermathecal pores dorsal..............................................Amynthas rodericensis
12.
One (poly)thecal segment..................................Polypheretima elongata (part)


Three thecal segments.........................................................................................13

13.
Spermathecal pores ventral, c. 0.25 body circumference apart; paired genital markings in 17/18 and 18/19.............................................................14


Spermathecal pores c. 0.5 body circumference apart; postclitellar genital markings absent.........................................................................Metaphire houletti
14.
Genital markings elliptical pads with central aperture...Metaphire peguana

Genital markings invaginated.....................................................Metaphire bahli
15.
One thecal segment; intestinal caeca absent.........Polypheretima taprobanae

Two thecal segments; intestinal caeca present.............Metaphire californica
16. 
Intestinal caeca present.............................................Amynthas minimus (part)


Intestinal caeca absent........................................Polypheretima elongata (part)

*Lampito is not presently recorded from Australia, but is a likely inclusion.  Other species keying out here are probably Australian natives, for which the "Native Keys" should be consulted.

Genus Perionyx Perrier, 1872

Diagnosis: (after Gates, 1972):  Setae numerous. Gizzard absent or reduced in v or vi.  Digestive system without caeca, calciferous glands and typhlosole but with calciferous tissues in some portion of the oesophagus.  Latero-oesophageal hearts in x-xii. Prostates and male pores in xviii. Clitellum annular, setae retained. Holonephridia with preseptal funnels.
Distribution: Burma, Indian regions.  P. sansibaricus, P. violaceus and P. excavatus are peregrine outside this home territory. 


Gates (1972) remarks how the "amazing plasticity" that seems to characterise the genus had led in the past to problems of classification.  This was compounded by "somatic plasticity" expressed as heteromorphism as a result of a remarkable regenerative capacity for certain species: both head and tail regeneration are possible from almost any level of bisection (even from small living portions of putrescent "individuals").

Key to peregrine species of Perionyx (after Gates, 1972):
1.
Three pairs of spermathecae in 6/7-8/9.......P. sansibaricus

Two pairs of spermathecae in 7/8-8/9..................................2

2. 
Penial setae in rings in male pores....................P. excavatus*


Penial setae absent..................................................P. violaceus
* only P. excavatus has been found in Australia (see below), this name should not be confused with Perissogaster excavata (see native section for details).

Perionyx excavatus Perrier, 1872.


Perionyx gruenewaldi Michaelsen, 1891.


Perionyx sp.  Friend, 1911.


Perionyx fulvus Stephenson, 1918.


?Perionyx turaensis Stephenson, 1920; Gates, 1972.


Perionyx excavatus, Gates, 1972.

Type-locality: Saigon (types in Paris Museum).

Distribution: Vietnam, Andaman Islands, India, Sri Lankar, Myanmar, Malaya, Indonesia, Borneo, Philippines, Taiwan, Hawaii, West Indies, Madagascar, Samoa, Fiji.  This is the first record from Australia.


Original home of this species is believed to be in the Himalayas, transportation, presumably by human agency, in the last two millennia has greatly extended its range.  However, as with other members of the genus, P. excavatus has been recorded from under bark of standing and fallen trees and in leaf axils, thus it is not improbable that drifting logs may be responsible for some oceanic transportation.

Locality:
 Worm farms in Brisbane Logan suburb, Mackay Qld. and Maryborough Vict. also reported from Broken Hill NSW (CSIRO survey Sites 4 and 160,  J. Buckerfield pers. comm.);  found in Tully Qld. in a banana grove (BGM Jamieson, pers. comm.).  New records for Australia.

Habitat: 
in piles of horse manure, infesting worm beds and "ex compost" of wormfarm in Mackay.

Registration No.: 
several specimens provided by G. Bosanquet, from a Brisbane worm farm, two separate batches collected by F. Clarke (Feb/1992) and D. Murphy, (Nov/1991 and May 1993) (one specimen was abnormal in having a deleted anterior septum and furrowing in 9/10-11/12).

Length:  
50-180 mm.

Width: 
2.5-3.5 mm.

Behaviour: moves rapidly to escape handling and has a lashing response.

Segments: 115-155. Note: pharynx may be everted on preservation.

Colour:
anterior dorsum violet-red with blue iridescence; ventrum pale cream (spermathecae show through), especially xiii-xvii/xviii; clitellum biscuit.

Prostomium: open epilobous, faint or slight ventral cleft on peristomium.

First dorsal pore:
4/5 (or 5/6), partly occluded on clitellum.

Setae:
small black and numerous per segment from ii: 44/xii, 40-54/xx; no noticeable mid-ventral gap but narrow mid-dorsal gap.  No setae between male pores (occluded) but penial setae within copulatory chambers. 

Nephropores: 
not obvious, but possibly minute ventral pores near furrows.

Clitellum: 
annular but indistinct (one Mackay specimen not fully mature) over xiii,xiv-xvii,½xviii; furrows and setae faintly  retained.
Fig. 1.22 Perionyx excavatus (a) ventral view, (b) prostate with vas deferens joining duct, (c) spermathecae.

Male pores: 
on xviii closely-opposed, deep, wedge-shaped clefts in a common depressed but tumid field.  No setae seen in the tumid area between the male pores but, in each cleft when held open, are seen circles of 5-6 black penial setae suggesting that they are eversible during amphimixis.

Female pores: single central anterior to setal arc on xiv near 13/14.

Spermathecal pores: two pairs on 7/8 and 8/9 or anterior margin of segments: large, open pores with intervening furrows obliterated, same width apart as male pores.

Genital Markings:
none (darker patches median and just anterior to 3/4 and 4/5 seen in Mackay specimen may be genital markings).

Setpa:
7/8 and 8/9 have some thickening others weak, 9/10-11/12 appear to incorporate seminal vesicles.

Dorsal blood vessel: single continues on pharynx.

Hearts:
latero-oesophageal hearts in ix-xii, commissurals anteriorly, supraoesophageal (with lateral vessels?) in ix,x-xii,xiii.

Gizzard:
absent or rudimentary in vi.

Calciferous glands or diverticula:
in x-xii the oesophagus is swollen and vascularised, while in xiii it is especially swollen to form lateral pouches, the internal surfaces are ridged.

Intestine origin (caeca, typhlosole):
possibly valvular in xiv-xvi, the intestine was also recorded from xviii; acaecate, atyphlosolate.

Nephridia:
holonephric, convoluted tubules obvious in the clitellar region but smaller anteriorly as segmentally-paired, convoluted tubules invested in mucus.  Avesiculate.

Testis/sperm funnels:
large, iridescent testis funnels paired in x and xi, free or incorporated in opalescent seminal vesicle sacs of ix-xii.

Ovaries:
in xiii as large pair of palmate to saccular glands with numerous egg strings.

Prostates:
large, almost spherical, racemose glands with central U-bent duct joined entally by vas deferens, or conical by folding around thick duct, confined to xviii.

Spermathecae:
in viii and ix two pairs with large tapering or bilobed ampullae each with various closely-attached flat or lobed iridescent diverticula; duct short and stout.

Gut contents:
mainly organic material.

Notes:
anterior segments may be invested in mucus internally, dark bodies frequently seen.  From my notes, there are some intraspecific variations in vascular and vesicular allocations.  Found infesting Eudrilus eugeniae culture beds in worm farm in Brisbane, possibly introduced with horse manure from local horse trainers property, also collected from worm farm in Mackay.  Such haemeorobiont habitats suggest high organic matter (and moisture) requirement.

Remarks:
this species is remarkably similar externally to the native Spenceriella which however often has a wide mid-ventral setal gap which excluded setae from between the male pores, in Perionyx these setae are occluded.  Other major differences are that Perionyx is holoic, the pleisiomorphic condition, and has a reduced gizzard, possibly as a secondarily apomorphic character.


The remarkable regenerative capacity found in this genus may be responsible for the anomalous segmentation as noted for one specimen dissected above.  


P. excavatus has been recorded from tropical lowlands of Myanmar to 3,000 m in the Himalayas and Gates (1972) says "no other species of earthworm is presently known to live in so many different kinds of climates", although this accolade is claimed for some lumbricids.  It requires considerable moisture and organic matter to survive but breeds year-round, going into diapause during drought.   Gates (1972) failed to observe amphimixis which has led some to conclude parthenogenesis although no study has reared isolated specimens to confirmed this.  Moreover, spermatozoal iridescence, the presence of penial setae and widely receptive spermathecal pores suggests that sexual reproduction is an option.  


In glasshouse trials of the current study this species was found to vacate soil cores, thus had only moderate survival and negligible effects on plant growth.  Perhaps it requires a large supplement of organic material to thrive.

Genus Lampito, Kinberg, 1866

Diagnosis: Setae 8 or more per segment.  Gizzard in V.  Calciferous lamellae in intestine in X-XIII.  Acaecate. Last hearts in XIII.  Nephridia, meroic, avesiculate, with megameronephridia caudally.  Prostates a pair racemose or tubuloracemose in XVIII.  Female pores paired on XIV. Spermathecae 2 or 3 pairs in VII-IX, each with a lateral and median digiform diverticulum.

Type species: Lampito mauritii Kinberg, 1866 from Mauritius.

Distribution: South India except type-species which has wide global distribution (by transportation). 


The genetic definition of Lampito is remarkable similar to that of the native Spenceriella, the main points of differentiation being the presence of two spermathecal diverticula in Lampito and details of the nephridial system.   It is also close to other south Indian genera e.g. Nellogaster, Gates, 1938, presently known only from the Sri Lankan type-species.   Of the eight recorded species of Lampito, (Jamieson, 1977a) only L. mauritii is widespread being recorded from the Indo-asiatic region, Pacific Isles and Indian Ocean (see Gates, 1972:134-135).  Although not as yet recorded from Australia, its proximity in Indonesia and New Caledonia suggest this eventual probability. 

Genus Pithemera Sims and Easton, 1972

Diagnosis:  Megascolecidae. Small to medium sized (<130 mm).  Perichaetine.  Clitellum annular, XIV-XVI. Male pores superficial on XVIII.   Female pores usually unpaired.  Gizzard present between 7/8 and 9/10.  Oesophageal pouches absent.  Intestinal caeca originating in or near XXII, rarely XXIV, paired laterally or single midventrally.  Spermathecae 3-5 pairs in V-IX. 

Type species: Perichaeta bicincta Perrier, 1875.

Distribution: Pacific isles, only a single species has been widely reported outside the Pheretima domain, and it is the only one found in Australia: Pithemera bicincta (Perrier, 1875) from Townsville, Qld. (Easton, 1982).
Pithemera bicincta (Perrier, 1875) from Sims and Easton, 1972; Easton, 1982.


Perichaeta bicincta Perrier, 1875.


?Perichaeta violacea Beddard, 1895 (see Michaelsen, 1910:84).


Pheretima bicincta; Gates, 1972.


Pithermera bicincta; Sims and Easton, 1972; Easton, 1982

Distribution:
infrequently reported from warmer areas around the world.  In Australia recorded from Townsville (Easton, 1982).

Habitat: 
unknown 

Length: 
40-80 mm.

Width:
2-3 mm.

Segments: 77-101.

Colour:
in dorsum only, reddish.

Prostomium: 
open epilobous.

First dorsal pore:
11/12 or 12/13.

Setae: numerous: 42/VII, 46/XX sometimes missing on clitellum.

Nephropores: 
none.

Clitellum: annular: xiv-xv,xvi.

Male pores: 
0.2 circumference apart minute on porophore.

Female pores:
closely paired on xiv.

Spermathecal pores:
5 pairs in 4/5/6/7/8/9 0.26 circumference apart.

Genital markings:
paired smooth area extending from xviii to xix.

Setpa:
5/6-7/8 thickened; 8/9 absent; 9/10-12/13 strongly thickened.

Dorsal blood vessel: single.

Hearts:
last hearts xii.

Gizzard:
between 7/8 and 9/10.

Calciferous glands or diverticula:
 oesophageal pouches absent.

Intestine origin (caeca, typhlosole):
xv; caeca simple, paired xxii to xxi; typhlosole from xxii.

Nephridia:
meronephric.

Testis/sperm funnels:
holandric in testis sacs, seminal vesicles paired in xi, xii.

Ovaries:
paired xiii.

Prostates:
racemose, large, ducts J- or C-shaped.

Spermathecae:
paired, v-ix; small, duct shorter than ampulla; diverticulum slender, shorter than duct, ovoid chamber.

Notes: whether present or absent, genital markings have sessile glands on parietes.

Remarks:
not located in the present study; the above description taken from Gates (1972) and Easton (1984).

Genus Begemius Easton, 1982

Dignosis: Perichaetine. Gizzard in VIII and intestinal caeca originating in XXV. Male pores superficial, combined with pores of racemose prostates on XVIII.  Crescentric markings usually associated with the male pores.  Metandric.

Distribution: New Guinea and northern Queensland.

Note: Easton, 1982 remarks that the precise caecal origins of several other metandric species are not known, implying not only that this genus may be expanded to larger than the present half dozen species, but also that confused caecal count can confound classification.  Refer to Easton (1982) for a key to species.

Begemius queenslandicus (Fletcher, 1886b).


Perichaeta queenslandica Fletcher, 1886b; Beddard, 1895.


Amynthas queenslandicus, Beddard, 1900; Sims and Easton, 1972.


Pheretima queenslandica, Michaelsen, 1900.


Begemius queenslandicus, Easton, 1982.

Diagnosis:  Begemius with paired spermathecal pores c. 1/4 body circumference apart in furrows 5/6/7/8/9; metandric; lateral crecentric markings above and below superficial male pores; genital markings paired in some of v-x and xvii-xxiii.

Distribution: Cape York Peninsula, Qld..

Locality:
Mt. Lewis, near Cairns, Qld.

Habitat: 
"dry soil near the summit in tropical rainforest".

Registration No.:
From BGM Jamieson Collection, labelled "Hg4", collected 17/AUG/1974 by W. Nash and L. Blount, one mature specimen only, previously dissected.  Drawn and re-dissected here.

Length: 
90 mm.

Width:
4.5 mm.

Segments: 116, some secondary annulation, body spherical.

Colour:
colourless in alcohol.

Prostomium: 
open epilobous.

First dorsal pore:
10/11.

Setae: 
small and numerous, including between male pores; ventral series partly visible on clitellum.

Nephropores: 
none seen.

Clitellum: annular: xiv-xvi, but impinged by male field ventrally in 16/17, furrows and setae faintly retained. 

Male pores: 
superficial, 0.25 circumference apart on raised equatorial porophores with a depressed setal region intervening on xviii between crescentric lateral grooves; ventral furrow 17/18 somewhat obscured by general tumescence.

Female pores:
minute, single? central within small circular depression on xiv.

Spermathecal pores:
4 pairs in 5/6/7/8/9 0.25 circumference apart.

Genital markings:
paired, mainly presetal, small disks with opaque centres just ventral to spermathecal pore line in ix-xi, and on xvii and xix-xxii.  Those adjacent to the male pores are marginally larger, the posterior pairs appear to converge slightly.   Internally small glands associated with the markings were sessile on the body wall.

Setpa:
5/6-7/8 thickened; 8/9 weak and compressed on 9/10; 10/11-13/14 only moderately thickened thereafter thin.

Dorsal blood vessel: 
single, continuous onto pharyngeal bulb in iv and v.

Hearts:
smaller commissurals noted for vii, and hearts from x-xii, supra-oesophageal vessels not detected.

Fig. 1.23 Begemius queenslandicus from Mt. Lewis (a) ventral view with (b) prostate and (c) spermathecae.

Gizzard:
large, muscular in viii (appearing to occupy all of ix and x).

Calciferous glands:
oesophagus appears dilated and vascularised with internal lamellae in x-xiii, these swellings decrease in size posteriorly and are opposed outpouchings of the oesophagus.

Intestine origin (caeca, typhlosole):
in xv the intestine widens appreciably; simple, laterally paired tapering caeca xxv-xxiv, one arm bent under septum 25/26 (septa of segment xxvi converge); typhlosole not found to about xxx.

Nephridia:
meronephridic (what appeared to be nephridia on the duct of one anterior spermatheca where not found on any  other ducts).

Testis/sperm funnels:
metandric: paired testis sacs in xi included in a large pair of seminal vesicles, reaching to the dorsum, in xi also in xii.

Ovaries:
paired xiii: as clusters of egg-strings from the anterior septum, ventrally.

Prostates:
paired,blocky racemose glands with short ducts in xviii extend from xvi,xvii-xxi.

Spermathecae:
elongate ampullae demarcated off tapering ducts each with a diminutive clavate diverticulum.  Note: the latter two pairs of spermathecae were contained between 7/8 and 8/9 i.e. in segment viii.

Gut contents:
fine soil material bound in mucus.

Notes:  retention of septum 8/9 and the presence of "calciferous glands" are unusual in "pheretimoids".  Septum 8/9, as noted, is weak and adpressed on 9/10 and the spermathecae of viii and ix are combined in viii, perhaps this condition represents incipient septum deletion.  Moreover, the oesophageal swellings may be interpreted as "oesophageal pouches" which are found in some pheretimoid genera.

Remarks:
This specimen is assigned to Begemius queenslandicus, it is probably the same as one inspected by Easton (1982), since the label concurs with one of his listed entries.  In Fletcher's original account, the gizzard is in vii and viii with the intervening septum deleted, which is possibly a miscount, although he gives the intestinal origin in xv and the caeca in xxv-xxi.


Easton (1982) listed Begemius as indigenous to Australia, however, Jamieson (1981b) considered these pheretimoids to be invaders from New Guinea, as recently as ca. 8,000 yr.b.p. when lower sea levels merged the two land masses.  Indeed, this genus has several recorded representatives in New Guinea, its possible place of origin (see Easton 1982, Fig. 1).  This, plus its closer affinities with other introduced pheretimoids, justifies its inclusion in the exotics section of the current study.

Genus Amynthas Kinberg, 1867

Diagnosis:
Megascolecidae with an oesophageal gizzard in VIII and intestinal caeca usually originating in XXVII, rarely XXVI or ?XXV (if XXV then holandric species only); intestinal gizzard absent.   Setae perichaetine.  Male pores superficial, never within copulatory pouches.  Nephridia usually absent from the spermathecal ducts.  

Type species: Amyntas aeruginosus, Kinberg, 1867 from Guam. 

Distribution: Oriental region.  Contains about 400 nominal species, ten of which are allochthonous, of which six have been recorded from Australia amongst other places.  Metandric species with intestinal caeca originating in segment XXV are accommodated in Begemius, including Begemius queenslandicus (Fletcher, 1887)(= Amynthas queenslandicus, Beddard, 1900).

Amynthas corticis (Kinberg, 1867).


Perichaeta corticis Kinberg, 1866/7.


Megascolex diffringens Baird, 1869.


Perichaeta peregrina Fletcher, 1886/7.


Perichaeta nipponica Beddard, 1893.

Pheretima clerica Benham 1947.


Pheretima campestris Lee, 1952 (not P. campestris, Goto and Hatai, 1898).


Perichaeta heterochaeta, Michaelsen, 1891.


Pheretima heterochaeta, Michaelsen, 1907/9.


Pheretima divergens yunnanensis Stephenson, 1912.


Pheretima mirabilis Gates, 1934.


Pheretima diffringens, Gates, 1972 (syn. divergens, heterochaeta, heteropoda, indica, nipponica, oyamai, tajarownsis, ?toriii, ?hatomajimensis).


Amynthas diffringens (=corticus (sic)), Sims and Easton, 1972.


Amynthas corticis, Easton, 1982.

Note: sometimes name misspelled as "corticus".

Diagnosis:  Amynthas with paired spermathecal pores c. 1/3 body circumference apart in furrows 5/6/7/8/9; genital markings paired and variable near spermathecal pores.

Distribution:  According to Beddard, 1893, its occurrence is "everywhere, including Europe".  This species is the most widely distributed of the allochthonous species of the pheretimoid group, having been recorded from temperate and tropical regions throughout the world.  Tropical records are rarer, and usually from higher altitudes.  The indigenous range of the species is in east and south-east Asia.  A. corticis has usually been reported under the name of its junior synonyms of Pheretima diffringens or P. peregrina (e.g. from NSW and New Zealand - see Lee, 1959) or in earlier papers as P. heterochaeta  (from WA Jackson, 1931).  In Australia it has been recorded from Qld., NSW, WA, Lord Howe Island (see Easton, 1982).

Locality:
Brookfield (collected by CHT); Samford; Mt Cotton; Mackay (collected by F. Clarke) (new records, Qld).

Habitat: 
on soil and road surfaces in mornings, under pasture and leucaena, riverbank under litter.

Length: 
120-160 mm, body circular.

Width:
4-5 mm.

Segments: 105-108.

Colour:
dark chocolate brown, green-iridescent dorsum; ventrum paler; clitellum yellowy buff.

Behaviour: 
typically a vigorous lashing when exposed and rapid, snaking escape; yellow coelomic fluid ejected and possible autotomy of caudal segments.

Prostomium: 
wide open (almost parallel) epilobous.

First dorsal pore:
11/12 or 12/13, not always obvious on clitellum, but in dark dorsal line thereafter.

Setae: 
numerous:  ventral series partly visible on clitellum.

Nephropores: 
none found.

Clitellum: annular: xiv-xvi, furrows and setae faintly retained. 

Male pores: 
0.3 circumference apart on depressed corny pads, equatorial and sunk in xviii, ventral furrows 17/18 and or 18/19 may be obscured by tumescence. Note: retraction of male porophores on preservation may cause hollows, not to be confused with the longitudinal slit-like apertures of related genera: Metaphire, Pheretima, Polypheretima.

Female pores:
single, central within small circular to diamond shaped darker depression on xiv .

Spermathecal pores:
4 pairs in 5/6/7/8/9 0.3 circumference apart.

Genital markings:
various, paired presetal small disks with opaque centres, possibly some also nearer spermathecal pores, in some or all of on vi-ix (postsetal on v-viii and also near male pores?). Internally small stalked glands are associated with these markings.

Setpa:
3/4-5/6 thin 6/7-7/8 thickened; 8/9-9/10 aborted; 10/11 on, moderate thickening to 13/14 thereafter thin.

Dorsal blood vessel: 
single, continuous onto pharyngeal mass in iv (sub oesophageal vessel paired).

Hearts:
small commissural vessels in v, vi and vii, then ix and x; hearts from supra-oesophageal vessel under dorsal vessel in  xi, xii and xiii.

Gizzard:
large, muscular and elongate occupying the space in 7/8-10/11 with proventriculus in vii.

Calciferous glands:
oesophagus appears dilated and vascularised in xi-xiii (not calciferous?).

Intestine origin (caeca, typhlosole):
in xv or xvi the intestine widens appreciably (small paired supra-intestinal "lymph" glands present after xviii dorsally on gut); simple, laterally paired caeca xxvii-xxiv,xxii typhlosole present further posteriorly.

Nephridia:
meronephric with preseptal funnels seen in anterior segments and especially around clitellar segments.

Fig. 1.24 Amynthas corticis, Mt. Cotton specimen (a) ventral view, (b) duct of aborted prostate, (c) spermathecae; (d) prostomium; (e) intestinal caeca and dorsal blood vessel and "lymph" glands; (f) posterior.

Testis/sperm funnels:
in small (paired or unpaired) testis sacs in x and xi attached to the ventral face of the posterior septa, only occasionally was iridescence noted.  Large seminal vesicle fill segments xi and xii.

Ovaries:
paired in xiii: palmate mass with several egg strings, egg funnels also seen  (occasionally infested with Monocystis sp.).

Prostates:
often aborted and replaced by small, white spherical cysts of Monocystis infestation, although parts of the short bowed ducts may remain.  In one specimen only were found small (rudimentary?) racemose glands attached to the ducts.

Spermathecae:
in vi-ix: large, ducts of (usually) non-iridescent, white, spherical diverticula reach to axial tip of duct from yellowy, conical ampullae (often heavily parasitised by Monocystis).  Segmental allocation may be asymmetrical e.g. in one specimen thus, vi: pair; vii: rhs, 1, lhs, 2; viii: rhs 2, lhs, 1.  Spermathecal ducts free of nephridia.

Gut contents:
usually full of fine soil material.

Notes:  parthenogenesis is implied by the reduced, parasitised or incomplete reproductive organs.  Active and multiplying rapidly throughout the year under favourable conditions, this worm has been reported to wander at night to infest plant beds of plant nurseries (in Gates, 1972).  These characteristics, along with its regeneration potential, may account for the records of transportation of this worm exceeding those of the peregrine lumbricids.  Tropical records are generally rare except from higher altitudes where temperatures are lower.  However it may also be restricted by low temperature tolerance and is said to be absent from Scottish greenhouses with a temperature below 15(C and is susceptible to flooding (Gates, 1972, p 177-180).  Barois (1992) discusses the biology of this species and A. gracilis.


Fletcher (1886b) believed that this species was (initially?) introduced from Mauritius to Sydney nurseries, where it was confined to pot-plants.


Brookfield and Samford specimens were found in association with other species, including the similar Amynthas gracilis and A. rodericensis, either on the surface in the mornings or under litter on the banks of the South Pine River but only occasionally in pastures where sub-surface, globular casts were observed.  Samford and Mt Cotton are new records for its distribution around Brisbane (note also recorded from Mundubbera - Easton, 1982).

Amynthas gracilis (Kinberg, 1867).


Nitocris gracilis Kinberg, 1867.


Perichaeta hawayana Rosa, 1891.


Perichaeta bermudensis Beddard, 1892.


Amyntas hawayanus, Michaelsen, 1899.


Pheretima hawayana, Stephenson, 1912.


Amynthas hawayanus, Sims and Easton, 1972.


Amynthas gracilis, Easton, 1982.

Diagnosis:  Amynthas with paired spermathecal pores, c. 1/3 of the body circumference apart in furrows 5/6/7/8; intestinal caeca simple. Genital markings near male pores.

Note: Stephenson, 1923 included quadrithecal morphs in P. hawayana (?syn. barbadensis, pallidus), which may actually be referrable to Amynthas morrisi group of Sims and Easton, 1972.

Distribution: From tropical and warm temperate localities on most continents (in Sao Paulo, Brazil it is the commonest species in gardens (Gates, 1972) and the most numerous in Hawai'i (Nakamura, 1992)).  Original home in China?  For Australia, it has been recorded from Mundubbera and around Brisbane in Qld. and from the NT (Easton, 1982).  A gracilis has usually been reported under the name of its junior synonym hawayanus Rosa, 1891.

Locality:
Samford; Brookfield (collector CHT); Mt Cotton; Rockhampton (collector H. Broadhurst N. Rockhampton); Mackay (collector F. Clarke).  New records for Qld.

Habitat: 
under pasture beside cattleyard drain, riverbank under litter Samford; on surface Brookfield; in gardens Rockhampton; "ex compost Mackay, Qld".

Length: 
65-150 mm.

Width:
4-5 mm.

Fig. 1.25 Amynthas gracilis, Brookfield specimen (a) ventral view, (b) prostate with genital marking glands near ectal end of duct, (c) spermathecae, (d) prostomium with attacking ant covered in mucus, (e) intestinal caeca dorsal view.
Segments: 71-98.

Colour:
varies: dark brownish yellow dorsum; ventrum paler; clitellum biscuit.

Behaviour: 
typical lashing behaviour when disturbed, yellow coelomic fluid ejected and occasional autotomy of posterior segments.

Prostomium: 
open epilobous often everted on preservation.

First dorsal pore:
9/10? or 10/11, faint on clitellum.

Setae: 
numerous:  >40/xii; >50/xx, ventral series partly visible on clitellum on xvi.

Nephropores: 
none.

Clitellum: annular: xiv-xvi .

Male pores: 
0.3 diameter apart on depressed corny pads, equatorial and sunk in xviii, lateral to one or more pairs of small markings.

Female pores:
single, central within small circular depression on xiv.

Spermathecal pores:
3 pairs in 5/6/7/8 0.3 diameter apart.

Genital markings:
in xviii, median to male porophores various small discs (occasionally on xvii and xix too; small, postsetal, paired in vi-ix?).

Setpa:
5/6/7/8 thicker, 8/9/10 aborted.

Dorsal blood vessel: 
single, continuous onto pharynx.

Hearts:
small vi-vii and ix, large x-xiii.

Gizzard:
large, muscular, spherical in viii.

Calciferous glands or diverticula:
absent.

Intestine origin (caeca, typhlosole):
xiv or xv; laterally paired caeca simple but with several short lobes on edges, xxvii-xxv,xxiv.

Nephridia:
meronephric.

Testis/sperm funnels:
paired testis sacs in x and xi; seminal vesicles ix, xi and xii.

Ovaries:
paired xiii: palmate mass with several egg strings.

Prostates:
large racemose in xiv-xix,-xxiv with long muscular ducts (with marking-associated glands at ectal end).

Spermathecae:
large saccular ampullae with short ducts from which short thin diverticula ducts branch, each bearing near base of ampulla a slight iridescent bulb.

Gut contents:
fine soil (geophagous: Gates, 1972).

Notes:  found less frequently than, but in association with, other Amynthas spp..

Amynthas minimus (Horst, 1893).


Perichaeta minima Horst, 1893.


Perichaeta pusilla Ude, 1893 (non Pheretima pusilla Ohfuchi, 1956).


Pheretima enchytraeoides  Michaelsen, 1916/7.


Pheretima pusilla var ? Michaelsen, 1917.


Pheretima zoysiae Chen, 1933.



(Pheretima fungina and P. muta Chen, 1938)


Pheretima ishikawai Ohfuchi, 1941.


Pheretima humilis Gates, 1942


Amynthas minimus, Sims and Easton, 1972, Easton, 1982.

Diagnosis: Amynthas with paired spermathecal pores c. 1/2 body circumference apart in furrow 5/6, occasionally absent.   Small size, genital markings occasionally present.

Distribution: in addition to the "pheretima domain": USA, Hawaii, South Africa, Madagascar, Samoa and Australia: Qld. from Cairns (Michaelsen, 1917), Brisbane region and Springbrook.

Locality:
Samford; Taringa, Brisbane (new records).

Habitat: 
under pasture, riverbank under litter; suburban garden.

Length: 
22-60 mm.

Width:
1.5-2.5 mm.

Segments: 74-100.

Colour:
pigmentless, anterior darker or pink, clitellum buff; gut contents visible through body wall as dark spiral.

Behaviour: 
rather docile, contracts on touch, only slight lashing response.

Prostomium: 
closed to wide open epilobous.

First dorsal pore:
(11/12) 12/13 (only faintly visible on clitellum).
Fig. 1.26 Amynthas minimus, Samford specimens (a) larger, thecate morph, (b) prostate, (c) spermatheca, (d) spermatheca of an other specimen; (e) athecal morph, (f) prostate.

Setae: numerous: >40/vii, 40/xii, 42/xx; not visible on clitellum; setae between male pores sometimes obscure.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores:
wide apart on raised (may be flattened) circular poropores on, and filling width of xviii (appearing dumbbell shaped).

Female pores:
single (closely paired?), central within small circular depression on xiv.

Spermathecal pores:
1 pair in 5/6 widely separated, or absent.

Genital markings:
none found (small, presetal and paired on v-viii and single central on xvii and xix-xxi (Gates, 1972)).

Setpa:
5/6/7/8 thick, 8/9/10 aborted (or 8/9 weak), 10/11-13/14 medium.

Dorsal blood vessel: 
single, continuous (always?) onto iridescent pharyngeal mass in v.  Ventral vessel bifurcates and describes gizzard.

Hearts:
ix, x, xi, xii, xiii.

Gizzard:
muscular and spherical in viii (and ix and x) with proventriculus in vii.

Calciferous glands or diverticula:
absent.

Intestine origin (caeca, typhlosole):
xiv or xv; simple, laterally paired caeca xxvi-xxiv (xxvi-xxii). Typhlosolate.

Nephridia:
meronephridic , forests of nephridia on anterior faces of septa 5/6-7/8 and on body wall equatorially in viii and ix, less numerous in x-xii.

Testis/sperm funnels:
iridescent in sacs in x and xi, seminal vesicles in xi and xii.

Ovaries:
paired xiii: rosettes with many eggs-sheets, funnels pass into xiv.

Prostates:
large, racemose in xvi-xxii,  muscular ducts form hairpin loop.

Spermathecae:
when present: large elongate ampulla with equally long duct from which thin (regularly zigzag-looping) diverticular duct branches, reaching to near middle of ampulla with an elongate bulb (not iridescent).

Gut contents:
fine sand and organic debris.

Notes:
there appear to be two superficially distinct forms which differ in size and behaviour: the smaller morphs contracting and becoming rigid on touch, whereas the larger darker coloured morphs respond with activity.  The above description encompassed both types which were at different stages of growth (although both were clitellate). 

Remarks:  using the key in Gates, 1972 this species lacking genital markings (cf. Easton, 1982 who has genital markings in the diagnosis), comes out as "Pheretima papilio" Gates, 1961 and the description is very similar (especially of the spermathecae); however the latter has a larger size range, is pigmented and is possibly endemic to Myanmar.


Found beside the South Pine River, Samford in association with Eisenia rosea etc.and under pasture in low to very high numbers up to 500 m-2 when associated with Drawida barwelli Both Drawida barwelli and this species were introduced to field plots.

Amynthas morrisi (Beddard, 1892).


Perichaeta morrisi Beddard, 1892.


Pheretima morrisi, Gates, 1968.


Amynthas morrisi, Sims and Easton, 1972.

Diagnosis: Amynthas with paired spermathecal pores c. 1/2 body circumference apart in furrows 5/6/7.   Intestinal caeca simple.  Genital markings presetal unpaired median in some of v-viii or vi-ix, xiii; paired and just median of spermathecal pores on vi-ix and almost always two just median to male pores but one pre- and one post-setal on xviii and on xix. Segments, 75-102. First dorsal pore, 10/11. 

Note: Often previously confused with A. gracilis, but may be differentiated on having only 2 pairs of spermathecae, the pores of which are set further apart.

Distribution: Originally from China/Japan: this species is peregrine outside the Pheretima domain but has only once been reported from Australia (in grounds of the old Queensland Museum, Brisbane (Easton, 1982)).
Amynthas "morrisi group" (Sims and Easton, 1972) possible new species - name pending.

Locality:
University of Queensland farm at Mt Cotton.

Habitat: 
under pasture; sandy soil of lower creek bank almost in gravels of water line, also in moister clay under trees and shrubs at 0-20 cm depth.

Registration No.: 
Collectors: D. R. Mercer, 28/VIII/1975: 7 matures (two matures dissected Holotype (drawn) and Paratype 1) and 3 immatures;  A. Wilkie, Aug-Oct 1992, five mature specimens (two dissected P2 (drawn) and P3) plus some immatures; RJB and S. Jeffries, Jan 1993 (two matures, P4 and P5).  Biometric data obtained from all mature specimens.

Length: 
75-100 mm.

Width:
3-4 mm.

Segments: 122-156 body cylindrical anteriorly but tapering and becoming trapezoid posteriorly, some secondary annulation in anterior, deep furrows in posterior.  Segment x is wide and rather transparent ventrally: paired ventral blood vessels often show through. 

Colour:
dark brown anterior and dorsum (but setal auriolae paler), paler ventrum, clitellum buff, after clitellum dark mid-ventral line.  In formalin, a uniform buff but with deep puce clitellum.

Behaviour:  two specimens (one with 135 segments) had autotmyed posteriors, much ejected mucus adhered to dorsum in several specimens (see notes at end).  Lashing escape response to being handled.

Prostomium: 
parallel open epilobous, often compressed.

First dorsal pore:
11/12 and then 12/13 but not on clitellum, although present subsequently and continuously to posterior.

Setae: numerous: 40-44/VII, 44-50/XX, ventral and dorsal gap slight if at all; only faintly retained ventrally on clitellum; typically no setae between male pores but in two specimens two larger (penial) setae seen midventrally between male pores.

Nephropores: 
none visible.

Clitellum: annular: xiv-xvi, furrows obliterated or faintly retained.
Fig. 1.27 Amynthas morrisi group, Mt. Cotton specimens: (a) ventral view with (b) prostate, (c) intestinal caeca, (d) spermathecae; (e) second specimens with blood vessels showing in x and with (f) prostate and (g) spermathecae in situ.

Male pores: 
0.3 circumference apart on raised equatorial porophores, usually slightly median to a pair of immediately adjacent (fore and) aft raised papillae, the whole surrounded by several faint concentric grooves (see genital markings).

Female pores:
single, central on xiv in small countersunk dish or in lateral groove.

Spermathecal pores:
2 pairs in 5/6 and 6/7 lateral, 0.3 circumference apart with slightly tumid lips, concealed in furrows.

Accessory Genital markings:
variable: as small mid-ventral paired (occasionally single, occasionally quadruple) presetal discs in v and vi (and/or vi and vii), and often a postsetal pair in vi (and occasionally v); plus always one pair mid-ventral and presetal on xviii between male pores, and often  another pair postsetally.  Also on xviii, the porophores slightly median to, and contacting with a pair (may be doubled) of pre- and post-ceding small raised papillae, or one or both of the anterior pair may be absent.  In sub-adults only the male pores are present, not the papillae nor genital markings.  

Setpa:
4/5/6-7/8 getting progressively thicker and displaced posteriorly, with tendons reaching to succeeding segmental walls; 8/9 membranous or absent, 9/10 aborted; 10/11-14/15 getting progressively weaker with tendons persisting. 

Dorsal blood vessel: single continued to pharynx in iv.

Hearts:
weak in vii then strong in x (from dorsal vessel), xi, xii and xiii (from supra-oesophageal vessel).  Supra-oesophageal vessel from region of xiv to 10/11.  Ventral blood vessel bifurcated under gizzard from x. In v and vi numerous small blood vessels appear clustered together.

Gizzard:
large, tubular to bell-shaped and muscular with evenly spaced longitudinal blood capillaries occupying space between 7/8 and 9/10.

Calciferous glands or diverticula:
 small oesophageal pouches which appear pink due to blood capillaries and have internal lamellae present in x (annular) xi, xii, xiii (ventrally pouched) and xiv (weakly annular). These outgrowths of the oesophageal wall are easily deformed and in section the walls are thick and squamous but calciferous granules were not seen. 

Intestine origin (caeca, typhlosole):
oesophageal valve in xiv or xv opens into intestine in xv or xvi; caeca simple and extending from xxvii to xxiv.  At the region of the caecal origin, a large single lamelliform dorsal typhlosole commences. 

Nephridia:
from iv-vii the numerous meronephridia are obvious on the posterior septa, further anteriorly they are much larger, almost tufted; from viii micromeronephridia are equatorial on the body wall.

Testis/sperm funnels:
 testis and funnels in membranous testis sacs in x and xi. Segments vii-xiv are filled with white coagulum, but seminal vesicles can be distinguished in x-xii but not in ix.

Ovaries:
rather small pair, ventrally from anterior septum of xiii as flattened palmate or clustered egg strings with oviducts in the posterior septum.

Prostates:
racemose, bi- or tri- (or multi-)partite, from 17/18-19/20, large muscular ducts form single hairpin loops. Vasa defferentia enter the glands near the junction with the duct.

Spermathecae:
2 pairs in vi and vii: long slender duct widens to sub-spherical (or flattened) ampulla, entally a single diverticulum branches with a thin stalk and dilated bulb which is either elongate or (bi-)lobular.   The curved diverticula do not reach to the apices of the ampullae.  Iridescence was generally not seen in the bulbs of the diverticula although some stalks possibly had an internal sheen; the ampullae were often filled with clear coagulum. 


In one specimen the spermathecae were noticeably heteromorphic: the ampullae of the anterior pair were flattened with small, bulbous (iridescent) diverticula on short stalks, whereas the posterior pair had larger, elongate  diverticular bulbs filled with an opaque coagulum.

Gut contents:
fine soil and few pieces of organic debris suggesting a geophagous diet but possibly selective. 

Notes:  Pharyngeal mass extends back to 5/6 obscuring the  nephridial form.  Internally, small, squat glands were associated with the genital markings,  which were not clearly stalked but rather flattened to the body wall and were invested in a coagulum of sticky mucus (their product?).  Mucus was also ejected onto the dorsal surface of several of the specimens and may be a natural defence against predators or desiccation, here activated by preservation.  In the coelomic cavity the mucus may be a defence against nematode parasites although none were seen. 

Remarks:  these specimens seem to form a distinct species, which keys out as Amynthas morrisi in various keys although the description differs in several respects e.g. A. morrisi has <100 segments and has genital markings in the same line as the spermathecal pores, not mid-ventrally as here and does not have a definite typhlosole. 


A closely similar described species is Amynthas loveridgei from St Helena and USA (Gates, 1968) which does have more segments than A. morrisi but again the genital markings differ.   A similarity in Gates (1968) account is of there being copious, sticky mucus in the body cavity which interferes with dissection, this was the case with these specimens too.  The key of Sims and Easton (1972) bring this species out as a member of the 30 plus "morrisi-group". Possibly it is one of these species or something new but either way it is a new record for Australia.  It has been decided to postpone naming this species until the literature has been thoroughly searched to reduce the possibilities of later synonymy.

Amynthas rodericensis (Grube, 1879).


Perichaeta rodericensis Grube, 1879.


Perichaeta dyeri + P. sinensis Beddard, 1892.


Perichaeta monilicystis Michaelsen, 1892.


Pheretima rodericensis, Gates, 1972.


Amynthas rodericensis, Sims and Easton, 1972; Easton, 1982.

Diagnosis: Amynthas with paired spermathecal pores dorsally located in furrows 5/6/7/8/9.  Genital markings usually paired in 17/18 and/or 18/19.

Distribution: USA, Carribean, South America, Australia, Pacific Islands, Europe (glasshouses), regions in the Indian Ocean.  In Australia: Qld., relatively frequent from Southport to Atherton; previously recorded from "rich soil near Pine River" (Easton, 1982).

Locality:
Tully; Byfield (collector CHT); Samford; Closeburn; Narang; Brookfield and Taringa suburbs of Brisbane, Qld; Lismore and Harwood, NSW (new records).

Habitat: 
under pasture, riverbank under litter; under sugar cane at Harwood NSW; "on farm in grass roots in top 10 cm in loamy well watered soil - about 400 m-2" (B. Doube pers. comm.); "in pasture also common under concentrations of organic matter, Tully N. Qld" (L.N. Robertson pers. comm.)

Length: 
85-130 mm.

Width:
3.5-5 mm.

Segments: 
c. 100±8.

Colour:
deep red-brown dorsum with green/blue iridescence and dark blue mid-dorsal line (the sites of the dorsal spermathecal pores are paler), pale ventrum, clitellum buff.

Behaviour: 
active escape and lashing response to handling, exudation of bright yellow fluid and autotomy of "tail".

Prostomium: 
closed (furrowed?) or open epilobous.

First dorsal pore:
11/12.

Setae: numerous.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores:
wide apart on small raised circular poropores on xviii.

Female pores:
single, central within small circular depression on xiv.

Spermathecal pores:
dorsally 4 pairs in 5/6/7/8/9.

Genital markings:
large spherical flat sucker-like pads anteriorly and/or posteriorly and mesially to male pore centred in 17/18 and 18/19 (rarely 19/20).   In some specimens one of the four genital pads may be absent and quite frequently specimens with either just the anterior pair or, perhaps more usually just the posterior pair (i.e. on 18/19).

Setpa:
to 7/8 strong, 8/9/10 lacking.

Dorsal blood vessel: single continuous on pharynx.

Hearts:
x-xiii.

Gizzard:
muscular and spherical in ix.

Calciferous glands or diverticula:
absent.

Intestine origin (caeca, typhlosole):
 xv; caeca xxvii-xxv.

Fig. 1.28 Amynthas rodericensis from Samford (a) ventral view with (b) prostates and (c) spermathecae in position on the (d) dorsum; (e) intestinal caeca and "lymph" glands, (f) posterior.

Nephridia:
meronephric.

Testis/sperm funnels:
x and xi.

Ovaries:
xiii.

Prostates:
racemose in xvi-xxi,  muscular ducts form hairpin loop.

Spermathecae:
large sub-spherical ampulla with short duct from which thin (irregularly zigzag-looping)  diverticular duct branches reaching as far or further than tip of ampulla with subspherical, iridescent ental bulb(s).

Gut contents:
soil and organic matter.

Notes:
The genital markings usually form two pairs although often only the posterior pair in 18/19 are found or these plus one in 17/18.  Gates (1972) states that they may appear first in xviii then grow to obliterate 17/18 and 18/19 so as to appear to cross the levels of these two furrows. 

Remarks:   possibly closely related to A. corticis and A. gracilis, and certainly sharing their distribution, A. rodericensis is distinct in the dorsal location of the spermathecal pores. (Another species with dorsal spermathecal pores: Amynthas sulcatus (Gates, 1932), is known only from the type species from Burma).


Collected in large numbers in litter beside South Pine River, Samford: in one patch many A. rodericensis were found above the surface in trapped alluvial debris and were believed partly responsible for the transport of soil to approximately 50 cm above ground level.  Found under pasture, with several  other species at Samford.  At Byfield near Yeppoon it was common under bananas in association with Pontoscolex corethrurus and  Fletcherodrilus unicus (C.H. Thompson pers. comm.).


Used in glasshouse studies and in field releases.  Year round activity was found where conditions were moist, but in dry soil under pasture (17/NOV/92) two mature, dehydrated but active specimens were found.

Genus Metaphire Sims and Easton, 1972

Diagnosis: Megascolecidae with an oesophageal gizzard in viii and intestinal caeca originating in or near xxvii; intestinal gizzards absent.   Setae perichaetine.   Male pores within copulatory pouches.  Secretory diverticula never discharging into the copulatory pouches.

Type species: Rhodopis javanica, Kinberg, 1867 from Java. 

Distributions: eight species of this genus are allochthonous, three are reported for Australia (Easton, 1982).

Metaphire bahli (Gates, 1945).


Pheretima bahli Gates, 1945; 1972.


Metaphire bahli; Sims and Easton, 1972; Easton, 1982.

Diagnosis: Metaphire with paired spermathecal pores in 6/7/8/9.   Paired intersegmental genital markings as smooth elliptical pads with central apertures, in line with the male pores, in 17/18 and 18/19.

Distribution: Recorded only from Sri Lanka and the Philippines, its records in Australia are from around Darwin, NT (Easton, 1982).

Remarks:
Gates (1972) notes that P. bahli and P. peguana have not been found in the same locality.   The possibility is that these two are not specifically distinct, the former being separated almost solely by invagination of the genital markings, however Sims and Easton (1972) list them separately.  A description is not given here but may be sourced from the original author.

Metaphire californica (Kinberg, 1867).


Pheretima californica (Kinberg, 1867).


Pheretima browni (part) Stephenson, 1912.


Pheretima modesta Michaelsen, 1927.


Pheretima molesta Gates, 1932.


Pheretima californica Kinberg, 1867; Stephenson, 1933; Gates, 1936



Pheretima ringeana Michaelsen, 1890.



Amynthas ringeanus; Michaelsen, 1899


?Pheretima sakaguchi Ohfuchi, 1938.


?Pheretima sonaiensis Ohfuchi, 1956.


Metaphire californica Sims and Easton, 1972; Easton, 1982

Diagnosis: Metaphire with paired spermathecal pores in 7/8/9; intestinal caeca simple; genital markings lacking.

Distribution: Probably indigenous to China/Japan, this species has been recorded many times from the around the world.  In Australia from Qld.: Toowoomba; Brisbane; Mundubbera (Camp Creek) and Canungra.  

Locality:
Brookfield (collector CHT); Nerang (collector D.R. Mercer); Samford; Gayndah; Rockhampton, all in Qld.: new records (except Brookfield). Numerous specimens.

Habitat: 
Riverbanks, under plant litter, in garden soil.

Length: 
80-95 mm.

Width:
3-5 mm.

Segments: 86-106.

Colour:
anterior and dorsum dark red-brown with green/blue iridescence and dark mid-dorsal line, ventrum paler, clitellum buff.

Behaviour: very active escape and lashing response to handling.

Prostomium: closed (or furrowed tapering to 1/2) or open epilobous.

First dorsal pore:
11/12.

Setae: numerous.

Nephropores: 
none found.

Clitellum: annular: ½xiii,xiv-xvi.

Male pores:
wide apart in lateral slits of retracted copulatory pouches within generally tumid circular area of xviii.

Female pores:
paired in slightly raised crescent on xiv.

Spermathecal pores:
2 pairs in 7/8/9 almost lateral.

Genital markings:
none.

Setpa:
4/5-7/8 moderately thick, 8/9/10 missing, 10/11-113/14 thickest.

Dorsal blood vessel: single continuous on pharynx.

Hearts:
under gizzard in x, in xi, xii and xiii (ventral vessel bifurcated under gizzard to x).

Gizzard:
large, muscular and spherical in viii and ix.

Calciferous glands or diverticula:
absent.

Fig. 1.29 Metaphire californica, Samford specimen (a) ventral view, (b) prostate, (c) spermathecae, (d) prostomium, (e) intestinal caeca, (f) posterior.

Intestine origin (caeca, typhlosole):
 xiv; caeca simple in xxvi,xxvii-xxiii. 

Nephridia:
forests of equatorial meronephridia from iv or v onwards, especially on posterior septa of v and vi (tufted nephridial mass in vi?).

Testis/sperm funnels:
only found in xi, seminal vesicles in xi and xii.

Ovaries:
small pair in xiii (ovisacs in xiv).

Prostates:
racemose in xvii-xx,  thick muscular ducts form hairpin loops.

Spermathecae:
in vii and viii: large acorn shaped ampulla with very short duct from which thin twisted diverticular duct branches reaching as far, or further, than tip of ampulla with club-like, ill-defined ectal terminations (non-iridescent).

Gut contents:
soil and organic matter.

Notes:
this description differs slightly from Gates (1972) who has a median female pore and more extensive prostates. 

Remarks:
occasionally the copulatory pouches can be everted on preservation, leading to confusion with Amynthas. 


Found in high numbers in gardens of QDPI Brian Pastures, Gayndah and incidentally beside South Pine River, Samford; in both locations in organically rich soil.  Trialled in the glasshouse.  Not particularly efficacious.

Metaphire houlleti (Perrier, 1872)


Perichaeta houlleti Perrier, 1872.



Perichaeta campanulata Rosa, 1890.


Amyntas houlleti; Beddard, 1900.


Pheretima houlleti; Michaelsen, 1900, Stephenson, 1923.


Pheretima wimberleyana Stephenson, 1925.


Pheretima meridiana Gates, 1932.


Metaphire houlleti houlleti; Sims and Easton, 1972.


Metaphire houletti (lapsus pro houlleti); Easton 1982.

Diagnosis: Metaphire with paired spermathecal pores in 6/7/8/9.  No genital markings associated with secondary male pores on xviii.

Distribution: indigenous to Myanmar and southeast Asia; occasional allochthonous records around the world in tropical lowlands; from Australia: Cooktown, northern Qld.; near Darwin, NT (Easton, 1982) and under mango trees at a mission in the Kimberley (McKenzie & Dyne, 1991).  Not found in the current study, for detailed description of thecal and athecal (e.g. parthenogenic M. rugosa (Gates, 1932)) morphs refer to Gates (1972 pp 190-195).

Metaphire peguana (Rosa, 1890).


Perichaeta peguana Rosa, 1890.


Amyntas peguanus, Michaelsen, 1899.


Pheretima peguana, Michaelsen, 1903.


Metaphire peguana, Sims and Easton, 1972; Easton, 1980.

Dignosis: Spermathecal pores paired, c. 0.28 circumference apart in furrows 6/7/8/9.  Male pores within copulatory pouches on segment xviii.  Genital markings paired, ellipses with central apertures across 17/18 and 18/19.  Intestinal caeca simple with smooth margins, originating in segment xxvii.

Distribution: Myanmar, Thailand, Vietnam, Malaya, Java, Borneo and Japan.

Remarks: not recorded from Australia, but peregrine in the region (see Metaphire bahli).

Metaphire javanica (Kinberg, 1867).


Rhodopis javanica Kinberg 1867.


Megascolex sumatranus Horst, 1883.


Pheretima capensis Horst, 1883.


Perichaeta javanica; Beddard, 1891


Amynthas capensis; (= P. javanica) Michaelsen, 1900.


Perichaeta operculata Rose 1891.


Perichaeta inflata Horst, 1893.


P. tenkatei + P. tjibidae Horst 1893.


P. sexta Benham 1895.


Pheretima javanica; Gates, 1940.


Metaphire javanica; Sims and Easton, 1972.

Distribution: Indonesia and Timor, ?Barbados, China (Hongkong?).   Jamieson (1977c, p.295) in a paper on Lord Howe oligochaetes states that non-indigenous Metaphire javanica (=Pheretima javanica, Gates, 1940) material is available from Queensland.  Specimens were not found in the current study.

This description extracted from Sims and Easton (1972).

Length: 
50-130 mm.

Width:
3-5 mm.

Segments: 80-110.

Colour:
not given

Prostomium: 
epilobous.

First dorsal pore:
6/7-13/14.

Setae: numerous: 45/VII, 50/XX sometimes missing on clitellum.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores: 
0.2 circumference apart in copulatory pouches.

Female pores:
single on xiv.

Spermathecal pores:
2 pairs in 7/8/9 0.3 circumference apart.

Genital markings:
genital papillae absent.

Setpa:
4/5-7/8 thickened; 8/9, ?9/10 absent; 10/11 thickened.

Hearts:
last hearts xiii.

Gizzard:
between 7/8 and 9/10.

Calciferous glands or diverticula:
 oesophageal pouches absent.

Intestine origin (caeca, typhlosole):
xv; caeca simple, paired xxvii to xxiii.

Nephridia:
meronephric.

Testis/sperm funnels:
holandric in testis sacs, seminal vesicles paired in xi, xii.

Ovaries:
paired xiii.

Prostates:
racemose, large, ducts S- or U-shaped pass into pouches.

Spermathecae:
2 pairs, viii and ix; small, duct shorter than ampulla; diverticulum slender, longer than ampulla and may be highly convoluted, ovoid chamber.

Notes: only occasionally reported from warmer areas around the world.

Genus Pheretima Kinberg, 1867, emend. Sims and Easton, 1972

Diagnosis: Megascolecidae with oesophageal gizzard in viii and intestinal caeca from xxvii.  Setae perichaetine.   Male pores within copulatory pouches.  Nephridia present on the spermathecal ducts.

Type species: Pheretima montana Kinberg, 1867 from Tahiti.

Distribution:  This genus has been previously reported from the Indo-Australian archipelago with two species:  P. darnleiensis (Fletcher, 1887) corr. darnleyensis Michaelsen 1900, from Darnley Island (Sims and Easton, 1972, Easton, 1982), and "Pheretima" queenslandica which is now in Begemius.

Pheretima darnleiensis (Fletcher, 1886).

For a full list with distributions of the numerous synonyms- see Sims and Easton (1972): 260-264, a partial list follows:


Perichaeta cingulata (part) Vaillant, 1868.


Perichaeta indica (syn. cingulata, Vaillant) Horst, 1885.


Perichaeta Darnleiensis (sic)  Fletcher, 1886a.


Perichaeta vaillanti Beddard, 1890.


Perichaeta martensi Michaelsen, 1892.


Perichaeta bosschae Horst, 1893.


Perichaeta padasensis Beddard and Fedarb, 1895.


Perichaeta eoa Rosa, 1896.


Perichaeta floweri Benham 1897.


Perichaeta madelinae Benham 1897.


Perichaeta belli Rosa 1898.


Amynthas cingulatus (syn: indica(part), vaillanti, martensi martensi, m. javanica, eoa, madelinae, belli, padasensis lokonensis) Beddard, 1900.


Pheretima indica (part) Michaelsen, 1900.

Distribution: the tropical Indo-Australasian Archipelago, peninsular Malaysia, the Caroline Islands, Fiji and Darnley Island, Australia after which it was named.

Length: 
75-170 mm.

Width:
3-5 mm.

Segments: 90-120.

Prostomium: 
open epilobous.

First dorsal pore:
(11/12) 12/13

Setae: numerous: 25/VII, 44/XX no ventral gaps nor crowding, about 12 setae between the male pores, absent from clitellum.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores: 
0.2 U. apart in slit-like copulatory pouches.

Female pores:
single or paired on xiv.

Spermathecal pores:
4 or 5 pairs in (4/5) 5/6-8/9 0.2 circumference apart.

Genital markings:
none.

Setpa:
4/5-7/8 thickened; 8/9 membranous, 9/10 absent; 10/11+ thickened.

Dorsal blood vessel: not reported

Hearts:
hearts x-xiii, supra-oesophageals present.

Gizzard:
between 7/8,8/9 and 10/11.

Calciferous glands or diverticula:
 oesophageal pouches absent (dilations in xi and xiii).

Intestine origin (caeca, typhlosole):
xv or xvi; caeca simple, paired xxvi,xxvii to xxiv,xxii.

Nephridia:
meronephric.

Testis/sperm funnels:
holandric in testis sacs, seminal vesicles paired in xi and xii.

Ovaries:
paired xiii.

Prostates:
racemose, ducts pass into pouches.

Spermathecae:
4-5 pairs, (v),vi-ix; small, duct short and stout and covered in nephridia; diverticulum ectal, equal in length to duct.

Remarks:
not found during this study, the above description of Pheretima darnleiensis compiled from Sims and Easton, 1972, and Fletcher's (1886) original account.

Genus Planapheretima Michaelsen, 1934

Diagnosis: megascolecidae, perichaetine with ventrally crowded setae, body depressed (flattened).

Type species: Pheretima moultoni, Michaelsen, 1914

Distribution: China to New Guinea.

Genus Metapheretima Michaelsen, 1928 emended Easton, 1979

Diagnosis: Megascolecidae with an oesophageal gizzard in viii, intestinal caeca absent. Male pores lacking porophores. Crescent genital markings associated with the male pores (as with the caecate genus Begemius).

Type species: Perichaeta neoguinensis Michaelsen, 1892.

Distribution: New Guinea, New Britain, Lombok.  Species possibly indigenous to Carolines, Solomon Island and New Hebrides.

Genus Polypheretima Michaelsen 1934, emended Easton (1979)

Diagnosis: Megascolecidae with an oesophageal gizzard in viii and an intestine lacking caeca and gizzards.  Setae perichaetine.  Male pores on circular porophores, lacking associated crescent markings, occasionally within copulatory pouches.  Nephridia absent from spermathecal ducts.

Type species: Perichaeta stelleri Michaelsen, 1892.

Distribution: possibly four species of this acaecate genus occur outside the Pheretima domain, two have been recorded from Australia.
Polypheretima elongata (Perrier, 1872).


Perichaeta elongata Perrier, 1872.


Perichaeta biserialis Perrier, 1875.


Megascolex elongata; Vaillant, 1889.


Perichaeta acystis Beddard, 1895.


Perichaeta monocystis (lapsus pro acystis) Horst, 1899.


Amynthas elongata; Beddard,1900.


Pheretima elongata; Michaelsen, 1900.


Metapheretima elongata species-complex; Sims & Easton, 1972.


Polypheretima elongata; Easton, 1976, 1979.

Type-specimen: from Peru.

Distribution: Polypheretima elongata forms a species-complex with four other morphologically similar species (e.g. P. everetti (Beddard and Fedarb, 1895) (=Pheretima stelleri (part) and P. stelleri (Michaelsen, 1891)) from western Indonesia and Borneo.  Its home may well be Borneo/Celebes/Phillipines (Gates, 1972) or, as powerfully put forward by Easton (1976), from eastern Indonesia/Bali/Gt. Bastard Island/Flores.  It is the only allochthonous member of the complex, often being reported from tropical regions throughout the world and, less frequently, from the warmer parts of the temperate regions.  In Australia, reports show a restricted distribution (expanded only slightly by the present study) in the Gladstone area of Queensland.

Locality:
Biloela, Yeppoon, Rockhampton (collectors RJB, SJ, CHT), new records Qld.

Habitat: 
mainly in clay soils: under cultivation (especially zero-till plots Biloela); in creekbank (Yeppoon); suburban garden/lawn (Rockhampton and Biloela).

Registration No.: 
numerous specimens.

Length: 
120-250, one mature specimen >450 mm in life (mass 8 g), often contract markedly on preservation.

Width:
mean 5.5 mm.

Segments: 200 (range 136-297).
Fig. 1.30 Polypheretima elongata athecal Biloela specimen (a) ventral view, (b) prostate, (c) prostomium, (d) cocoon and (e) posterior.

Colour:
pigmentless grey with pink anterior in life, soil and blood vessels, especially the dorsal vessel, show through epidermis; clitellum buff.

Behaviour: 
large and sluggish but escapes rapidly along its burrow systems in the soil so that complete mature specimens are difficult to obtain.  Clear coelomic fluid exuded when stressed.

Prostomium: 
closed epilobous ("rudimentary"): slight or marked V-shaped notch ventrally on peristomium.

First dorsal pore:
12/13 or 13/14, then only clearly visible after clitellum.

Setae: 
numerous: vii/72, xx/>66; a to d or e somewhat darker and enlarged but decreasing in size laterally; slight  midventral gap; setae generally obscured on clitellum.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores: 
within eversible, lateral crescentric grooves on raised poropores on xviii with up to ten setae between.

Female pores:
single, central within small circular depression on xiv.

Spermathecal pores:
absent from all specimens inspected here (morphs reported with thecal batteries in 5/6 and/or 6/7).

Genital markings:
paired largish, raised, smooth disks, with presetal centres on five (or six) segments: xix-xxiii (xxiv).

Setpa:
4/5-7/8 very strongly thickened; 8/9-9/10 aborted; 10/11 on weaker.

Dorsal blood vessel: 
single, continuous onto pharynx (ventral vessel bifurcates into hairpin loops on each side under gizzard).

Hearts:
vii large, absent from viii and ix, then x, xi, xii (xiii).

Gizzard:
large, muscular and spherical in space between 8/9 and 9/10.

Calciferous glands or diverticula:
absent.

Intestine origin (caeca, typhlosole):
intestine in xiv widens appreciably in xv.

Nephridia:
forests of micromeronephridia.
Testis/sperm funnels:
not seen (in sacs); large seminal vesicle fill segments xi and xii.

Ovaries:
a pair of large tongue-like glands in xiii (ovisacs or "pseudovesicles"?).

Prostates:
racemose with hairpin muscular duct.

Spermathecae:
none.

Gut contents:
fine clay soil material.

Notes:
Although remarkably long specimens are frequently found (as the name elongata suggests), shorter forms (ca 100 mm) also occur.   The male pores may be everted on preservation.

Remarks:
Biloela and Rockhampton are new records for the distribution of this peregrine, parthenogenetic species in Australia.  Its original home is in the Indonesian region, and since this is closer to Western Australia and the Northern Territory on the Australian mainland, it is reasonable to presume that it will eventually be recorded from there too.


A marked preference for clay soils was found for this species in behavioural trials undertaken as part of this study, field collections have supported this finding.


In glasshouse trials this species was responsible for a 30% reduction in grass yields in a cracking clay soil (but 30% increase in a sandy soil) although its survival was better in the clay.  Second trials, using an alluvial dark clay, demonstrated a doubling of grain sorghum yield with this species compared to control cores of soil and, over 4 months period, each mature worm produced an average of 8 offspring.  Differentiation of cocoons from soil is difficult as they are of a similar dark yellow to almost black colour.   Hatchlings have been found with defects (a pair co-joined at mouth; another astomate).


This worm has very dramatic effects on the structure of soil by producing copious surface casts as ribbons and globules and creating (1 cm) wide vertical burrows which greatly facilitate water infiltration.
Polypheretima taprobanae (Beddard, 1892).


Perichaeta taprobanae Beddard, 1892.


Amynthas taprobanae; (=pauli) Beddard, 1900.


Perichaeta pauli Michaelsen, 1897.


Metapheretima pauli; Sims and Easton, 1972.


Pheretima taprobanae typica; Michaelsen, 1900.


Pheretima taprobanae; Michaelsen, 1903, 1907, 1927; Stephenson, 1923; Gates, 1937, 1938, 1972.


Polypheretima taprobanae Easton, 1979, 1982.

Distribution: India, Sri Lanka, Seychelles, Brazil, Hawaii, Madagascar, Fiji, Australia-Qld.; homeland in south-east Asia (Easton, 1979) or tropics of Papua New Guinea (Gates, 1972) .

Locality:
Brisbane suburbs (St Lucia, Taringa, Brookfield), Samford, Qld.

Habitat: 
alluvial, sandy-loam under pasture; clay soil in garden; on surface after rain in forest litter.

Registration No.: 
numerous specimens.

Length: 
65-90 mm (contracts on preservation).

Width:
4.5-7 mm.

Segments: 118-146.

Colour:
pigmentless grey but soil and blood vessels, especially the dorsal vessel, show through epidermis; anterior faintly iridescent; clitellum white (or dark brown when worms are not producing cocoons).

Behaviour: 
sluggish; contracts and becomes rigid when extracted or handled and ejects a sticky bright yellow coelomic fluid.

Prostomium: 
various from rudimentary and closed to clefted open epilobous.

First dorsal pore:
11/12 (12/13) continuous over clitellum.

Setae:
numerous: vii/>84, xx/>66; visible on clitellum.

Nephropores: 
none.

Clitellum: annular: xiv-xvi.

Male pores: on raised circular poropore on xviii.

Female pores:
single, central within small circular depression on xiv.

Fig. 1.31 Polypheretima taprobanae Samford specimen (a) ventral view, (b) prostate, (c) spermatheca (d) prostomium and (e) posterior.

Spermathecal pores:
7/8 lateral.

Genital markings:
largish, paired (or unpaired), presetal on some or all of vi-xii; on 18/19 a paired group then presetal on xix-xxi (xxii) usually present.

Setpa:
5/6-7/8 strong; 8/9-9/10 aborted; 11/12 on weaker.

Dorsal blood vessel: 
single, bifurcates dorsally over pharynx in vi.

Hearts:
vii large, absent from viii and ix, then x, xi, xii.

Gizzard:
large, but not very muscular, spherical in vii-x.

Calciferous glands or diverticula:
absent.

Intestine origin (caeca, typhlosole):
xiv-xv; acaecate.

Nephridia:
meronephric.

Testis/sperm funnels:
in large sacs in x and xi.

Ovaries:
a pair, small in xiii.

Prostates:
racemose with bent muscular duct.

Spermathecae:
large pair in viii, iridescence not seen in the anteriorly directed diverticula.

Gut contents:
very fine soil.

Notes:
common beside South Pine River, Samford in sandy riverbank and under adjacent pasture.  Numbers of adults and immatures approach 100 m-2 (biomass 100 g-2).  In the glasshouse this species had moderate positive influence on plant yields.  Few surface casts are produced, this species is geophagous and works to considerable depth. 

2 NATIVE EARTHWORMS

Key to the megascolecid families and genera of Australia (after Jamieson, 1971a).

This key should be cross-referenced with the introductory key (page 232) and the simplified natives key on page 378.  For details of exotic species that key out here, refer to the exotics section (Section 1).  Note: for species with suppression of first metamere (i.e. segments i and ii fused), add one to the segmental counts below.

1.
A single pair of combined male and prostatic pores, on xvi or xvii i.e. microscolecin or on xviii i.e. megascolecin.....................................................2


Prostatic pores 2 pairs, on xvii and xix; male pores on xviii i.e. acanthodrilin.......................................................................................................4

2.
A pair of combined male and prostatic pores on xvi or xvii....................3


A pair of combined male and prostatic pores on xviii.  Sometimes a single pore........................................................................................................................8

3.
Oesophageal gizzard large.................................................Rhododrilus (exotic)


Oesophageal gizzard rudimentary........................Microscolex (part) (exotic)

4. 
Nephridial segments each with a single pair of nephridia i.e. holoic..........................................................................................................5


Nephridial segments each with more than one pair of nephridia i.e. meroic.........................................................................................................7

5.
Oesophagus with a pair of stalked calciferous glands, in ix only .........................................................................................Ocnerodrilus (exotic)


Calciferous glands, if present, not in ix (absent from all Australian representatives).................................................................................................6

6. 
Ventral setae of viii or viii and ix, enlarged and sculptured, forming genital setae.  Nephridia lacking terminal bladders.................Diplotrema

Ventral setae of vii and ix unmodified.  Nephridia with ovoid or tubular terminal bladders..................................................Microscolex (part) (exotic)

7.
Prostate glands tubular.  Spermathecae intersegmental.  Calciferous glands 3 pairs, in xv-xvii, oesophageal gizzard doubled..........Dichogaster

Prostates tubular.  Spermathecae intrasegmental.  Calciferous glands xv and xvi, gizzard single............................................Octochaetus beatrix (exotic)

8. 
Two or more oesophageal gizzards present......................................................9


One or no gizzards present................................................................................10

9. 
Spermathecal pores segmental (ix, x and xi)...............................Didymogaster

Spermathecal pores at 6/7 and/or 7/8 and/or 8/9.....Digaster/Perissogaster
10. 
Nephridia, at least in the hindbody, only one pair per segment................11


Nephridia more than two in each segment.....................................................17

11.
Nephridia absent in front of the clitellum (limnic/aquatic)................................................Pontodrilus (littoral/aquatic)


Nephridia present in front of the clitellum.....................................................12

12.

Setae, at least in the mid and hindbody, numerous (more than 8) per segment...................................................................................Diporochaeta

Setae, 8 per segment throughout the body.....................................................13

13.
A combined male and prostatic pore unpaired and midventral on xviii........................................................................................Fletcherodrilus

Combined male and prostatic pores one pair on xviii..................................14

14. 
Prostates tubular, with large central lumen..........................................Plutellus

Prostates racemose, with branched lumina; if elongate minutely lobulated and lacking a large central lumen...............................................................15

15.
Nephropores conspicuous, in segment ii and a few succeeding segments in c lines then alternating more or less regularly between d and c lines, and from about x between d and b lines. (Nephridia with large subspherical bladders).................................................................................Heteroporodrilus

Nephropores relatively inconspicuous, not alternating. (Nephridia lacking bladders)..............................................................................................................16

16.
Distance between the dorsalmost setae (dd) greater than that between the setae of the dorsal couple (cd); dd equal to 0.2-0.3 of the circumference.................................................................Woodwardiella s. lat.

Dorsal distance dd less than cd; dd equal to 0.1 or less of the circumference........................................................................Pseudoperichaeta
17.
Setae, at least posteriorly, more than 8 (at least 12) per segment...............................................................................................................18


Setae 8 per segment throughout the body.......................................................20

18.
Prostates tubular to racemose (though often with lateral canaliculi from the central lumen)............................................................................Spenceriella

Prostates racemose, with branched internal ducts and without a distinct central lumen.........................................................................................................19

19.
Oesophageal gizzard in, or infront of segment vii.   Female pore usually paired.....................................................................Megascolex/ Lampito (exotics)


Oesophageal gizzard in segment viii.   Female pore usually unpaired, midventral..................................................................Pheretima  s. lat. (exotics)

20.
Prostates tubular................................................................................Megascolides

Prostates racemose................................................................................Notoscolex

Simplified key to the indigenous earthworm genera of Australia (after Jamieson (unpublished)).
Add one to segmental counts where first metamere is suppressed by fusion of segments i and ii.

1.
Nephridia one pair per segment in the midbody i.e. holoic...... ..............................................................................................................................2


Nephridia more than one pair per segment in the midbody i.e. meroic..................................................................................................................16

LARGELY HOLONEPHRIC

2.
Male pores on xviii.   Prostatic pores on segments xvii and xix........ ..................................................................................................................................3


Male pores on xvii or xviii, combined with the single pair of prostatic pores.........................................................................................................................4

3.
Ventral setae in the vicinity of the spermathecal pores modified as genital setae and usually on glandular protuberances...........................Diplotrema

Ventral setae in the vicinity of the spermathecal pores unmodified and not on glandular protuberances.....................................................Notiodrilus
4.
A pair of combined male and prostatic pores on xvii...................................5


A pair of combined male and prostatic pores on xviii..................................6

5.
Ventral setal couples widening rapidly from xviii to approximately xxii...... ...............................................................................................................Microscolex

Ventral setal couples not significantly widening in xviii to xxii...... ..............................................................................................................Rhododrilus
6.
Nephridia absent in front of the clitellum.................................Pontodrilus

Nephridia present throughout the body...........................................................7

7.
Nephropores in a straight line on each side.  Rarely irregular between C and middorsal line, only when spermathecal diverticula are absent.......10


Nephropores with a definite alternation from one setal line to another on each side.  Spermathecal diverticula present.................................................8

8.
Calciferous glands with long stalks, dorsolateral to lateral on the oesophagus in x-xiii......................................................................Plutellus s. s.

Calciferous glands lacking appreciable stalks, a pair lateral in xiii or 3-5 ventral pairs, with the last pair in xiii..........................................................9

9.
Calciferous glands one pair, lateral on oesophagus in xiii......... .............................................................................................................Paraplutellus

Calciferous glands 3-5 pairs, ventral on the oesophagus, the last pair in xiii.................................................................................................Heteroporodrilus
10.
Nephropores irregular between C and the middorsal line.  Spermathecal diverticula absent...................................................................................................Pinguidrilus

Nephropores not as above.  Spermathecal diverticula present.................11

11.
Prostates racemose (with branched ducts)..............................Woodwardiella

Prostates tubuloracemose (with central canal)or tubular..........................12

12.
Spermathecae with extramural diverticula, or sometimes with sperm chambers in the walls, but never with multiloculate diverticula............13


Spermathecae each with a small, sessile, multiloculate diverticulum..............................................................................................Simsia
13.
Nephridial bladders present.............................................................................14


Nephridial bladders absent...............................................................................15

14.
Spermathecal and male pores paired..........................................Diporochaeta

Spermathecal and male pores unpaired...................................Fletcherodrilus
15.
Setae 8 per segment.   Dorsal setal couples near middorsal line so that dd is less than cd............................................................................Pseudoperichaeta

Setae 8 or more per segment.  If 8, the dorsal couples well separated...........................................Diporochaeta (part) (syn. Graliophilus?)

LARGELY MERONEPHRIC

16.
Setae 8 per segment throughout......................................................................17


Setae more than 8 in many or all setigerous segments..............................25

LUMBRICINE

17.
One gizzard present...........................................................................................18


Two or three gizzards........................................................................................23

18.
Prostates tubular though they may be minutely lobulated.........................19


Prostates tubuloracemose to racemose..........................................................20

19.
Gizzard in vii (rudimentary)...............................................................Eastoniella

Gizzard anterior to viii..................Megascolides (syn Austrohoplochaetella)

20.
Caudally with numerous preseptal nephrostomal funnels on each side per segment.................................................................................................Oreoscolex

Caudal meronephridia with only a single ventral median preseptal funnel on each side.........................................................................................................21

21.
Calciferous glands in xiv-xvi...............................................................Notoscolex

Calciferous glands at least extramurally absent...........................................22

22.
Meronephric caudally (often with nephridial bladders).....Cryptodrilus (syn. Pseudonotoscolex)


Holonephric caudally (bladders absent)............................Pseudocryptodrilus
23.
Two gizzards present.  Spermathecal pores segmental, not intersegmental.  Testis-sacs present...........................................................................Didymogaster

Two or three gizzards.   Spermathecal pores intersegmental.   Testis-sacs absent.....................................................................................................................24

24.
Caudal nephridia with a median ventral preseptal nephrostomal funnel on each side....................................................................................................Digaster

Caudal nephridia lacking funnels..................................................Perissogaster
PERICHAETINE

25.
Gizzard in viii.  Intestinal caeca present in or near xxvii.............Amynthas

Gizzard anterior to viii.  Intestinal caeca absent.........................................26

26.
Caudal nephridia lacking funnels....................................................Megascolex

Caudal nephridia with numerous funnels or a single median ventral preseptal funnel on each side per segment...............................................27

27.
Caudal nephridia with numerous funnels......................................................28


Caudal nephridia with a single preseptal funnel on each side..................30

28.
Caudal nephrostomal funnels preseptal (in the segments anterior to the nephridial body).  Genital markings, if present, intersegmental.Gemascolex

Caudal nephrostomal funnels intrasegmental (in the same  segments as the nephridial body).  Genital markings, if present, segmental...............29

29.
Calciferous glands present (Nephrostomes absent in the  forebody).......... ....................................................................................Spenceriella (Spenceriella)

Calciferous glands absent (Nephrostomes present throughout the body)... .................................................................................Spenceriella (Austroscolex)
30.
Oesophageal and intestinal gizzards present. Bladders absent............. .............................................................................................................Hickmaniella

Oesophageal gizzards present (if rudimentary) but no intestinal gizzard. Bladders present..................................................................Pericryptodrilus

ACANTHODRILINAE/DAE
(Rhododrilus and Microscolex are transferred to the "Exotics" section).

Genus Diplotrema  Spencer, 1900.


Diplotrema was recognized by Jamieson (1971b, 1974a) as a subgenus of Microscolex and formerly contained only 8 species, subsequently increased to 18 (Jamieson and Dyne, 1976; Dyne, 1978, 1979, 1987).  In these latter papers, the principal differentiation between Diplotrema and Notiodrilus, the presence or absence of genital setae, was dispensed with thus removing residual species from the latter to the former subgenus.  Notiodrilus, then, is largely restricted to South Africa and supports no members in the Australian fauna.  A further 33 unpublished species were added by Dyne (1984) in a detailed study where he first elevated Diplotrema to the rank of genus, independent of Microscolex and Notiodrilus (formalised in Dyne, 1987).


While identifying many new species of Diplotrema, Dyne (1984) also listed three species dubia:

1.
Acanthodrilus australis Michaelsen, 1889

Genital setae absent, penial setae present; gizzard in vi (?); spermathecae in viii and ix, adiverticulate (Michaelsen, 1889, 1900 cf. "multiloculate, large though smaller than ampulla", Jamieson and Dyne, 1976); prostates long and coiled in xvii and xix;  genital markings in 11/12, 12/13 and 20/21.  From Cape York Peninsula.

2.
Acanthodrilus schmardae Beddard, 1892

Genital setae in viii and ix; spermathecal diverticulum multiloculate, occupying the whole dorsal aspect of the duct. From Rockhampton, found in freshwater.


This species was tentatively put in the synonymy of D. dameli by Michaelsen (1910) because the description by Beddard was inadequate and the types lost.

3.
Acanthodrilus macleayi Fletcher, 1889

Seminal vesicles present in xii and ?ix; penial setae present, flattened at the tip.  From Napier Range, WA.


For Diplotrema australis  Jamieson and Dyne (1976) list (type?) material as being available in the Hamburg Museum.


For the latter species, D. macleayi, its dubious status is questioned as it is believed that Fletchers' description is adequate for recognition of this species should it be "rediscovered".

Note: the non-endemic genus Acanthodrilus is differentiated from Diplotrema by the presence of "J"-shaped terminal bladders to the holonephridia.  The North American Diplocardia is remarkably similar to Diplotrema, ignoring the possibility  of homologous development and the apomorpic acquisition of two gizzards.  Such a zoogeographic distribution indicates an ancient (Pangean?) origin of acanthodrilids.

Genus Diplotrema Spencer, 1900; 

emended Jamieson (1971); Jamieson and Dyne (1976) and Dyne (1987).

Diagnosis:    Pigmentless. Prostomium proepilobous to epilobous.  Dorsal pores absent or commencing at or after 7/8.  Setae closely paired, 8 per segment. Tubular prostates, two pairs on xvii and xix (rarely one pair, on xvii).  Male pores on xviii (rarely xvii).  Spermathecal pores 2 pairs at 7/8 and 8/9, ventrolateral, or a single pair at 8/9.   Holonephridic; avesiculate;  nephropores inconspicuous.  Last hearts in xiii (exceptionally xii). Gizzard large in v rarely in vi?).  Calciferous glands absent.  Holandric (rarely metandric); testis sacs absent.  Penial setae (i.e. ventral setal couples of xvii and(/or) xix enlarged and modified) and (usually) genital setae (i.e. ventral setal couples of some of vii-x modified) present.  Genital markings usually present in some of vii-xx.   (Synonymy: Eodrilus).

Type species: Diplotrema fragilis Spencer, 1900 from "scrub behind Gayndah, Qld."

Distribution:  Australia: coastal and adjacent inland from Narrabri in NSW (D. tyagarah Dyne, 1978) through Qld, to NT and Kimberley district of WA.   A single species is recorded from south WA (D. cornigravei (Michaelsen, 1907)). 

In central Australia an isolated species, D. eremia (Spencer, 1896), is recorded from an area with relictual mesophytic vegetation.


Jamieson and Dyne (1976) provide a key for the nine species in the Northern Territory plus two in Western Australia, however, Dyne (1984) states "a key to all Australian species would be premature, considering the large tracts of habitat yet to be sampled".  The present author concurs with this view and has found several new taxa suggesting that a more thorough study is required, consequently, a key is not provided here.


Partial species list to Diplotrema, for the NSW/Queensland component only (from Narrabri to Cape York) are, for Qld:

1.
D. australis (Michaelsen, 1889).*



Acanthodrilus australis Michaelsen, 1889.



Notiodrilus australis; Michaelsen, 1900.



Diplotrema australis; Jamieson and Dyne, 1976.

2.
D. dameli (Michaelsen, 1910).



Eodrilus dämeli Michaelsen, 1910.




?Acanthodrilus schmardae Beddard, 1892



Diplotrema dameli; Jamieson and Dyne, 1976.

3.
D. fragilis Spencer, 1900.



Diplotrema fragilis; Jamieson and Dyne, 1976.

4. 
D. queenslandica (Michaelsen, 1910).



Eodrilus queenslandicus Michaelsen, 1910.



Diplotrema queenslandica; Jamieson and Dyne, 1976.

5. 
D. schmardae (Beddard, 1892).*



Acanthodrilus schmardae Beddard, 1892.



Notiodrilus schmardae; Michaelsen, 1900.



D. schmardae; Jamieson and Dyne, 1976.

6.
D. heteropora Dyne, 1979.

For NSW:

7.
D. tyagarah Dyne 1979.

* considered species dubia by Dyne (1984).


None of the species, about to be described here, conflicts with the 33 unpublished species described by Dyne (1984).  Thus, to the 50 or so known species, may be added these that follow.
Diplotrema ambrosea sp nov.  Fig. 2.1

Locality:
Hut Creek near confluence with Four Mile Creek; from Gentle Anne junction to old Langmore school road, both south-west of Ambrose (near Rockhampton) Qld.

Habitat: "alluvial flat; table drain under eucalypt leaf debris; yellow-brown soil on limestone margin of softwood scrub under Alphitonia excelsa".

Registration No.: a large specimen (Holotype, H) plus a tail portion of a similar sized specimen and two immature specimens, one a posterior amputee (Paratype P1), one undamaged (P2); a large mature from drain (P3) and several other immatures and portions; a mature (P4) and an immature from yellow-brown soil.  Collected 23/JAN/93 by C.H. Thompson. H, P1, P3 dissected and drawn, biometric data from other paratypes specimens also taken.

Length: 
H: 250 mm; P1: ?, P2: 100 mm, P3: 120 mm. 

Body circular in cross section with anterior bulbous and distinct waist in region of the clitellum.

Width: 
H: 9 mm.

Segments: H: approx 408; P1: ?; P2: 482; P3: 202. Much secondary annulation which obscures true furrows (external segmentation detected largely by setae), anterior wrinkling is reduced after vi.  (The tail portion of 50 mm had a count of 220).

Colour:
unpigmented white in formalin with a distinct dorsal vessel showing as a dark line (pink colour in life with blood red dorsal line, C.H. Thompson pers. comm.), clitellum faint yellowing.

Behaviour:  a clear mucus adherent on body may have been ejected when the worms were put in preservative.  A milky fluid was released from coeloms when worms were dissected.

Prostomium: proepilobous, deeply furrowed as are first two or three segments.

First dorsal pore:
12/13 or after, continuous on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
setae minute, not detectable on anterior to about x, thereafter seen as closely paired couples.  Ventral setal couples of x, xi and xii on prominent mounds (genital setae), those of xvii and xix as penial setae on smaller mounds with generally only tips visible.  Setae a and b retained on xviii. (Approximately on specimen H, 30:1:20:1:70:0.5).

Nephropores: 
indistinguishable (although small anterior pores near C in one specimen bore a resemblance).

Clitellum: 
ill-defined ?xii-xvii,xvii,xix faintly visible dorsally as yellow tint and constriction.

Male pores: 
not clear externally, very faint seminal grooves visible between laterally displaced b penial setae of xvii and xix (faint grooves between ventral setae couples of xvii possibly unconnected furrows?).  

Female pores:
not definite: the large postsetal mound in xiv bears two small pores that may actually be amphimixis scars?

Spermathecal pores:
paired ellipsoid stomata in 7/8 and 8/9 in approximate extrapolation of ventral setal series.

Genital Markings:
genital setae apical on paired papillae of x, xi and xii (seen in all larger specimens); elongate ventral pads displace the equators and reach to the succeeding intersegmental furrow in xiii and xiv (in H) or xiii-xv or xiv-xvi (in other specimens); a smaller elongate pad occupies the mid-ventral setal gap in 19/20 (seen only in H).

Septa:
4/5 thin but distended by tufted nephridia in iv; 5/6 thin to base of gizzard; 6/7-10/11 thickening slightly; 9/10-11/12 still only moderately thick but from here thinning to become membranous by 14/15.   5/6-8/9 displaced by gizzard; 10/11 and 11/12 converged.

Dorsal blood vessel: not seen in v, from vi single, occasionally forming a single loop intrasegmentally.

Hearts:
small lateral vessels in vi (on left hand side only in v in P3), larger vessels in vii pass to ventral vessel which divides to ventro-laterally circumscribe the gizzard; the vessels from viii-xiii are all fairly large; x-xiii are interpreted as latero-oesophageal hearts.

Gizzard:
a strongly muscular tapering cone in v with anterior rim.

Calciferous glands:
in specimen P3, the distended oesophagus in viii and ix was found to have thickened, vascularised walls and oesophageal pouches noted in x.  The oesophageal dilations in xii and xiii found in H and P1 may also be interpreted as calciferous pouches.

Intestine origin (caeca, typhlosole):
dilates from xv; especially thick, but low, typhlosole commences after about xxv-xxviii.

Fig. 2.1 Diplotrema ambrosea, (a) ventral view of specimen H, (b) tubular prostates of xvii and xix overlain by enormous, ensheathed penial setae, (c) spermathecae with buckel-like diverticula.

Nephridia:
vascularised tufting which fills iv (lost in pharyngeal mass in iii?) is viewed as tufted nephridia, a pair of smaller tufts seen from v which seem to become doubled to form two pairs around x-xii.  These nephridia could be interpreted as meroic tufts but also resemble avesiculate holonephridia.  However, from around the clitellar region to the remainder of the body, there are equatorial bands on the body wall on each side that appear to consist of about four to six discrete tubules which are laterally connected by mesentery and strands (possibly single, much elongated and convoluted holonephridia).  Although the characterisation of the nephridia is important taxonomically, these structures could not be definitively construed as either holo- or mero-nephridia.  The nephridia are avesiculate.

Testis/sperm funnels:
in the most mature specimens, funnels were not found in x (although a large sheeny sac appeared to impinge ventrally from the succeeding segment); in xi were a pair of large, flimsy iridescent funnels, the testis were perhaps as palmate strands; in xii a small pair of racemose seminal vesicles attach to the septum.  This arrangement is clearly metandric.

Ovaries:
tangled with nephridia and tendons, as a pair of long palmate egg-strings.

Prostates:
two pairs of tortuous tubular prostates in xvii and xix, each with a short muscular duct and overlaid by enormous penial setal sheaves.  The anterior pair of prostates is substantially larger than the posterior pair.

Spermathecae:
a pair in both viii and ix, the latter pair possibly slightly larger.  Each has a longish duct and yellowy, spherical ampulla and, below this a sessile buckel-form diverticulum (i.e. as a "buckel" on duct) which is about the same size as the ampulla.   The diverticula contain masses of small white spherules (spermatozoa?) in a clear mucus.  Each spermatheca is attached to the body wall by an encompassing strap-like tendon.

Gut contents:
 mostly fine, flocculated, reddy soil.

Notes:
penial setae are up to 5 mm long and curved with scalloped tips.  Genital setae are contained in saccular follicles on the body wall in x-xii.  Strong tendons extend from the gizzard, bridging septa, to x and may cause the lateral dimples seen on vii in several specimens. Marks further ventrally on a few more adult specimens could be "setal scars" from concopulants.

Remarks:
of the five published Queensland species of Diplotrema, the closest relationship may be with the three from around Rockhampton: D. schmardae, D. dameli and D. queenslandica.  However, by being metandric and having genital setae in x-xii (rather than some of vii-x), the species described here is differentiated from other species of Diplotrema.  It also differs by these characters: from D. schmardae by being longer than 60 mm; from D. queenslandica by not having delicate penial setae; and from D. dameli (with which it may have the closest association) by not having spermathecal pores lateral in c line (and gizzard not in vi?).


This present series is possibly sufficiently variable to be considered part of a species complex (as was detected by Dyne, 1984).  The indeterminate nephridia are also unusual and may be interpreted as meroic (i.e. divided), rather than holoic (albeit with anterior tufting) as in some other members of the genus, or possibly the form is intermediate representing incipient meronephry.  Such conclusions would suggest that possibly a new genus should be established to accommodate this (and any other species) or, alternatively, that a further revision of the Diplotrema is required.


In the yellow-brown soil sample, native Fletcherodrilus unicus specimens were found in association.

Diplotrema bathypharynx sp nov. 

Locality:
Biloela.

Habitat:  adjacent to the DPI "B5" research site, dug from the banks of Callide Creek under dark organic clay.

Registration No.: 
five mature specimens collected 20/March/92 by RJB but poorly preserved in low concentration alcohol causing them to become macerated.  Only two were dissected.

Length: 
60-70 mm

Width: 
3 mm

Segments: 95+? difficult to discern accurately due to small setae and deep strong annulation.  The anterior segments widen rapidly to about v, annulation commences from iv.

Colour:
pink anterior in life, transparent in preservative with gut contents visible.

Prostomium: proepilobous or closed epilobous?

First dorsal pore:
6/7/8? continuous on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, retained on xviii, small and closely paired (ab and cd same width) except for enlarged, curving penial setae (red coloured) on xvii and, possibly slightly smaller on xix; genital setae small on viii, larger on ix. (mean of two: 10:1:5:1:15:0.35).

Nephropores: 
in cd line.

Clitellum: 
xiii-xvii?, tumid and annular but interrupted by male field ventrally.

Male pores: 
minute in xviii near outwardly bowed and lateral to ab line seminal grooves between pairs of prostatic pore tumescences in xvii and xix; penial setal papillae raised.

Female pores:
minute anterior to a on tumid pad in xiv?

Spermathecal pores:
7/8 and 8/9 small pores in a line.

Genital Markings:
genital setae on paired raised tumescences on viii and ix (one specimen has tumescences on vii too).  Segment xiv is tumid ventrally.

Septa:
membranous.

Dorsal blood vessel: doubled as intrasegmental loops (ie reuniting at septa) from vi, where the loops are small and circular, to after the last heart in xiii and around the clitellum where they become longitudinally elongate.  In iv, only a single vessel was detected on the pharyngeal mass.  

Hearts:
smaller paired latero-oesophageal vessels seen from vii; larger, thin vessels in about x-xiii which connect with the ventral vessel are interpreted as hearts.

Gizzard:
strongly muscular in v but much displaced posteriorly, as a bulbous, cup-shaped termination of a greatly elongated (over 10 mm long) pharynx which is serpentine in iv.

Calciferous glands or diverticula:
not seen. 

Intestine origin (caeca, typhlosole):
xvii, typhlosole not detected at about xxv.

Nephridia:
a pair of finely convoluted tubular holonephridia per segment from 

Fig. 2.2  Diplotrema bathypharynx, (a) sketch drawing of anterior ventrum, (b) prostates and penial setal sheathes and (c) spermathecae in situ; (d) elongate pharynx terminating at muscular gizzard.

v, avesiculate and exiting in line with the lateral setal couples.  Tufted nephridia not noted in anterior.

Testis/sperm funnels:
segments x and xi appear enveloped in a large common sac that encompasses nephridia and oesophagus and is distended with white (seminal?) coagulum.  When flushed, a pair of diaphanous sperm funnels were seen in x and a brightly iridescent pair in xi.  This arrangement is interpreted as incipient metandry.  A large pair of lobulated seminal vesicles are conspicuous on the anterior septum of xii (a coagulated annular mass surrounding the gizzard in the region of viii or ix, may also be a seminal vesicle but it does not appear to be connected to the "testis sac").

Ovaries:
not clearly distinguished but what appeared to loosely connected oocytes seen in or near xiii.

Prostates:
two pairs of convoluted tubular prostates with short muscular ducts in xvii and xix confined to their segments, the anterior pair larger.  Red, curving, ensheathed penial setae converge near each prostatic pore.  The ventral body wall in this region is not glandular.

Spermathecae:
two pairs in viii and ix;  each ampulla is spherical, filled with white coagulum, tapering to a duct from which a large round diverticulum branches.  The diverticula (containing discrete iridescent cells) are almost as large as the ampullae.  The anterior pair is slightly smaller.  The spermathecae overlay genital setal bundles.

Gut contents:
 the extended pharynx contains mainly dark, woody organic matter, the gut contents after passage through the gizzard is a more uniform grey agglomerate.

Notes:
the faintly iridescent cuticle was removed before dissection and was found to be filled with a white fluid.   Mucus was noted in several segments.  Illustration was difficult because external features were not clearly defined for these macerated specimens.

Remarks:  although imperfectly characterised due to their poor state of preservation, this species is distinct in several respects, most noticeably in the greatly extended pharynx and the looped pairing of the dorsal blood vessel.  This second feature is more common in some New Zealand octochaetids and acanthodrilids (eg. Deinodrilus lateralis Lee, 1959, D. suteri, Benham, 1906, Eodrilus micros, Lee, 1959, Hoplochaetina robusta, Lee, 1959 etc.).  Such commonality of  features demonstrates the direct affinities (or indirect via homologous development) of the Australian and New Zealand faunas.  It was decided to place this species in Diplotrema (rather than to create a new genus), for the reasons of the acanthodrilin arrangement of male terminalia, with genital setae anteriorly, and holonephry.  However, this species has several unique and interesting features (as does D. ambrosea above) suggesting that a review of the genus would be opportune.   Closest relationships may be with acanthodriles previously recorded from around Rockhampton (see D. ambrosea above).  It can be differentiated from D. schmardae by form of diverticula; from D. dameli by having spermathecal pores more ventral in a line; and from D. queenslandica by smaller size and positioning and shape of the spermathecae.


A later trip to collect specimens from the same location was not successful as the soil was too dry.  This species is persisting in riverbanks, but not in the general locality where cultivated soils are occupied by mostly exotic species.   A similar (as yet undescribed) species, collected by Sheila Jeffreys in the Rockhampton area in January, 1993, was shown to the author and it had similar paired dorsal vessels but was without the elongate pharynx.  Perhaps when more complete series of specimens of both these species are obtained, better characterisation may allow further discussion of the relationship of acanthodrilid groups in both Australia and New Zealand.  

Diplotrema capella sp nov. 

Locality:
Capella near Emerald, Qld.

Habitat:  Under cultivated heavy cracking clay soil.

Registration No.: one mature and one immature specimen collected from QDPI Capella site by RJB March 1992. Several mature and sub-adult specimens collected by Dr. L.N. Robertson (QDPI) in early May, 1992, were packaged live to Brisbane for this study.  Of ten mature or sub-adult specimens introduced into two cores of soil, two lots were recovered ten months later.  One lot was preserved and consisted of: 2 matures (H and P1); 5 sub-adults (P2-P5); 4 juveniles; 5 small immatures and 3 cocoons (including a single hatchling).

Length: 
60 mm (H), 50 mm (P1).

Mass:
mean for adults 0.2 g.

Width: 
2.0-2.5 mm.

Segments: 110 (H), 96 (P1); body circular with secondary annulation after about xi (excluding smooth clitellum).

Colour:
unpigmented: anterior pink with blue tinge and white band in position of gizzard, red hearts, whitish prostates and gut contents visible through cuticle.  Clitellum faintly beige.

Behaviour:
fairly docile, clear fluid ejected when irritated.

Prostomium: proepilobous to closed epilobous (pharynx often everts on preservation forcing prostomium backwards).

First dorsal pore:
7/8, not obvious, continuous on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii but a and b absent on xviii (replaced by genital marks?); penial setae large on xvii, smaller on xix; genital setae small on viii, larger on ix. (mean of three 6.3:1.0:6.6:0.9:21.7:0.49)

Nephropores: 
not found.

Clitellum: 
annular xiii-xvii ventrally but impinged by male field, slightly longer dorsally.  Setae retained.

Male pores: 
minute in xviii just anterior to setal arc and close to the slightly outwardly bowed seminal grooves between pairs of prostates which are equatorial in AB in xvii and xix; setal papillae raised.

Female pores:
xiv, minute, anterior to a setae.

Spermathecal pores:
on slightly raised papillae in 7/8 and 8/9 between AB.

Genital Markings:
genital setae with minute borders on viii and ix.  Paired ventral markings on small raised pad before 16/17; a larger pair central between prostatic pores on xviii; smaller, slightly narrower pairs converging in 18/19 and 19/20, the last pair fainter but resembling the first. (Some of these "genital markings" may be scars from concopulants genital setae?).

Septa:
5/6 displaced by gizzard, 5/6/-8/9 or 9/10 moderately thick, 10/11 and 11/12 close together, from 12/13 thin.

Dorsal blood vessel: single, continuous on pharynx in iv.

Fig. 2.3  Diplotrema capella (a) ventral view specimen H; (b) prostates (with long penial setae); (c) spermathecae (overlying genital setae) in situ; (d) prostomium viewed dorsally; (e) a cocoon.

Hearts:
small commissurals vi-ix, hearts small in x then larger in xi-xiii.

Gizzard:
strongly muscular barrel-shaped in v (with large anterior flange).

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
xv, low ridge typhlosole resembling thickening of gut on inner dorsal surface from xx or xxv.  Acaecate.

Nephridia:
holonephridia commencing from at least vi, avesiculate, no tufting seen anteriorly (seen Notes below).

Testis/sperm funnels:
holandric: iridescent funnels in x and ix;  a pair of racemose or lobular seminal vesicles posteriorly in ix and anteriorly in xii.

Ovaries:
large but compact pair of palmate ovaries each with 3-4 egg-strings and diaphanous funnels in xiii .

Prostates:
two pairs of elongate convoluted prostates  with straight flaccid ducts in both xvii and xix; pairs on a side interlocking: each extending back three segments. Setal sheaves as long silvery strands

Spermathecae:
pair in viii and ix: the yellowy, paddle-shaped ampulla overlies a pair of genital setae and tapers to a duct that is interrupted by a large, flat diverticulum filled with numerous iridescent seminal bodies.

Gut contents:
 fine soil.

Notes:
on opening, a white fluid was released from the coelom.   Segments vii-xi were especially invested with mucus and, on one side in x, a pair of unidentified transparent "shells" were suspended (parasites?).  Segments xvii, xviii and xix have glandular pads ventrally in addition to thickened holonephridia, but from xx on, only the glandular (saccular?) bodies are visible (followed back to xxxv).

Remarks:
this species is similar in some respects to D. tyagarah Dyne 1978, which itself was supposed (Dyne, 1978, 1979) to be part of a grouping which included D. fragilis (Spencer, 1900).  Especially the distinctive spermathecae, with large diverticula making the ampullae appear like appendages, and the male fields are comparable.  However, it is separated from D. tyagarah by the wider pairing of the spermathecal pores and the presence of genital markings on xviii; the addition of a pair of markings in 19/20 and absence of swelling and genital setae in vii and in the setal ratios (cf. D. tyagarah mean 4.5:1.0:6.4:0.8:22.4:?) as well as by its distribution.   Abundant at the QDPI Capella (near Emerald) trial site but only when the soil was moist, its density was roughly 50m-2 under these cultivated clay soils (L.N. Robertson, pers. comm.).   Dr. Robertson has attempted to introduce this species into cultivated soils at Emerald, but information on its survival is not currently available.  In a glasshouse trial in the current study, this species survived and reproduced relatively well in a heavy clay soil but failed to demonstrate a significant increase in plant yield.  Two cocoons were recovered, one contained a single hatchling, the other is drawn; this is the first record of  cocoons for this genus.

Diplotrema elstobi sp. nov.
Locality:
CSIRO Narayen.

Habitat: 
in brigalow cracking-clay vertisol in a moist patch of soil under leaking cattle trough.

Registration No.: 
Collected 29/April/1993 by Mr M. Elstob and RJB.  Two matures (Paratypes, one dissected); one posterior amputee mature (Holotype dissected and drawn); 8 sub-adults (one dissected). 

Behaviour: listless, possibly dormant at depth until soil moisture reaches favourable levels.

Length: 
matures: 140 and 165 mm.

Width: 
2.5 mm.

Segments: 143 and 146 (subadults: 132-143); after clitellum have secondary annulation. A conspicuous feature under magnification, is numerous fine longitudinal lines (blood capillaries?).

Colour:
in life, grey with white coelomocytes, anterior faint pink with blue iridescence; clitellum yellowy.  Colourless in alcohol except for dark dorsal blood vessel. 

Prostomium: proepilobous or closed epilobous.

First dorsal pore:
12/13 but not clear until 18/19.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii,  ab retained on xviii, genital setae at viii and ix, penial setae xvii and xix. (6.5:1.0:5.8:0.8:19.5:0.47).

Nephropores: 
intersegmental in C or D (vary slightly).

Fig. 2.4  Diplotrema elstobi Holotype, (a) ventrum showing (b) prostates and (c) spermathecae in situ and (d) prostomium.

Clitellum: 
½xii,xiii-xvii,½xviii, annular excluding the depressed male field.

Male pores: 
between setal arc and 17/18 just anterior to b.

Female pores:
between setal arc and 13/14 in a line.

Spermathecal pores:
7/8 and 8/9 ventral in AB.

Genital Markings:
closely paired ventral pads in 16/17, 17/18, 18/19 and 19/20 (four pairs). Yellow spots seen between b and c in several specimens. 

Septa: 4/5 weak; 5/6 and 6/7 medium, adpressed and displaced to middle of posterior segment by gizzard; 7/8-10/11 thickened and similarly displaced to mid-segment at parietes; from 11/12 thin.

Dorsal blood vessel: single.

Hearts:
commissurals which split ventrally into numerous capillaries seen in vi-ix, hearts in xi-xiii; supra-oesophageal vessels noted vii-xiv.

Gizzard:
moderately muscular and spherical in v. 

Calciferous glands:
none seen, but some oesophageal dilations between vii-xvi.

Intestine origin (caeca, typhlosole): suddenly in xvii no typhlosole found but low dorsal ridge present from about xx.

Nephridia:
holonephric: sac-like after clitellum, not tufted anteriorly.

Testis/sperm funnels:
holandric: free iridescent funnels and adjacent pair of testis sacs in x, funnels only seen in xi; compact racemose seminal vesicles dorsally in ix and xii.

Ovaries:
in xiii, as long palmate strands of egg-strings; a small pair of pseudo-vesicles (ovisacs) in xiv.

Prostates:
two pairs of convoluted tubular prostates in xvii and xix, ducts short and flaccid overlain by short recurved penial setae.

Spermathecae:
two pairs in viii and ix:  ampullae spherical off short ducts each distended dorsally by saccular diverticulum filled with iridescent spermatozoa.

Gut contents:
fine soil and organic debris.

Notes:
On opening, milky coelomic fluid released.  Internal surfaces of male field tumid.

Remarks:   Larger and with greater segmental counts, these specimens superficially resemble D. capellae and D. incerta.   They are separated from both by the distinctive genital markings; the setal ratios and retention of setae on xviii and in the posterior location of dorsal pores.  Collected in flooded soil by a leaking cattle trough in the centre of a parched and cultivated field, suggesting either that they remain dormant in dry soil or that they migrate in moist subsoils to such wet locations.  This ability to survive dry periods and opportunistically appear at watered locations is remarkable.

Diplotrema heteropora Dyne, 1979.

Distribution: near Townsville, James Cook University, CSIRO Davis Lab.

Locality:
Townsville, collector F. Clarke; Mackay.

Habitat: 
"under gum trees".

Registration No.: 
a single mature specimen.

Length: 
150 mm.

Width: 
7 mm.

Segments: 280+.

Colour:
dark grey/brown (cf. Dyne, 1979: pigmentless buff), iridescent; clitellum chocolate brown.

Behaviour: luminescent (see Dyne, 1979).

Prostomium: prolobous.

First dorsal pore:
28/29 (cf. 18/19 Dyne)

Setae (ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii but b (and a?) possibly absent on xviii; penial setae on xvii and xix; genital setae on viii and ix. (8:1:7:1:28:0.55).

Nephropores: 
visible only on clitellum and there alternating from C to D lines.

Clitellum: 
xiii-xix,xx, annular excluding male field.

Male pores: 
xviii, ventral to seminal grooves which bow outwards beyond b line between pairs of prostates equatorial in AB in xvii and xix; whole field depressed with raised setal papillae.

Female pores:
xiv, minute, anterior to a.

Spermathecal pores:
7/8 and 8/9 ventral in AB.

Genital Markings:
none.

Septa:
5/6/7/8/9/10 moderately thick, 7/8 the thickest.

Fig. 2.5  Diplotrema heteropora Dyne 1979. (a)  Drawing of anterior ventrum;  (b) prostates;  (c) spermathecae (penial and genital setae not shown).

Dorsal blood vessel: single.

Hearts:
from viii-xiii.

Gizzard:
strongly muscular in v (displaced to vi).

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
commences in xix (typhlosole?).

Nephridia: 
tufted nephridia in iv then holoic.

Testis/sperm funnels:
x and xi, seminal vesicles in ix and xii.

Ovaries:
large fan shaped pair in xiii.

Prostates:
two pairs of convoluted prostates with short muscular ducts in xvii and xix.

Spermathecae:
two pairs in vii and ix;  ampulla sub-spherical at an angle to duct with small diverticulum at junction.

Remarks:
reportedly common under native grasses in texture-contrast soils of the Townsville region, this deep-burrowing geophage forms surface casts prolifically, especially in the rainy season from January, but populations decline around April when soils dry; it is not usually found in high density and is difficult to culture (A.V. Spain pers. comm.).  This species has been well described by Dyne (1979) and discussed in a study of VAM spore propagation (Reddell and Spain, 1991).  The specimen identified above was provided by a worm farmer in Mackay, the original samples came from Townsville.

Diplotrema incerta sp. nov.
Locality:
CSIRO Narayen.

Habitat: 
at 30 cm depth under irrigated green panic (Panicum maximum) on brigalow clay soil (vertisol).

Registration No.: 
two possibly sub-adult specimens, both damaged on extraction and poorly preserved: H and P1 collected by RJB and M. Quadrell, on 13/Nov/91.  Both specimens dissected and features combined in illustration.

Length: 
45 (H),48 (P1) mm.

Width: 
2 mm.

Segments: 108 (H),110 (P1).

Colour:
unpigmented; anterior faint pink with blue iridescence; clitellum buff.

Prostomium: proepilobous or closed epilobous.

First dorsal pore:
4/5? or 7/8?, not obvious.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii but ab possibly absent on xviii, genital setae at viii (and ix?), penial setae xvii and xix. (8.3:1.0:4.3:1.0:23.3:0.53).

Nephropores: 
not visible.

Clitellum: 
xii-xviii, annular excluding male field (segments xii and xiii have some pigmentation but are not especially tumid).

Male pores: 
xviii or almost 17/18 just anterior to small raised papillae at site of missing ab.

Female pores:
xiv anterior to ab in small pinched pores.

Spermathecal pores:
7/8 and 8/9 ventral in AB.

Genital Markings:
paired pads in viii surrounding each ventral setal couple; the male fields tumid and markings unclear, in xvi possible pair of pads around ventral setae in one specimen, xvii penial setal pads and in xix possibly impinging 19/20.

Septa: 5/6-9/10 only slight thickening, 12/13 on weak.

Dorsal blood vessel: single.

Hearts:
commissurals seen in vi-ix, hearts in x-xiii; no supra-oesophageal vessel noted.

Gizzard:
strongly muscular and spherical in v (with proventriculus?).

Calciferous glands:
none seen, but some oesophageal dilation, especially in x-xii.

Intestine origin (caeca, typhlosole): xv? no typhlosole found.

Nephridia:
holonephric (not tufted anteriorly).

Testis/sperm funnels:
free in x and xi; small racemose seminal vesicles in ix and xii.

Ovaries:
in xiii, as tufts of egg-strings.

Prostates:
two pairs of tubular prostates in xvii and xix, each a slender gland on short duct overlain by penial setae.

Spermathecae:
two pairs in viii and ix shaped like flattened gourds:  ampulla yellow and spherical, duct constricted medially but bulbous where it enters parietes; adiverticulate; no iridescence noted.

Fig. 2.6  Diplotrema incerta, (a) composite illustration of ventrum showing (b) prostates and (c) adiverticulate spermathecae in situ and (d) prostomium.

Gut contents:
fine soil.

Notes:
this species is distinct from the Diplotrema fragilis - D. tyagarah group (Dyne, 1978) in the absence of discrete spermathecal diverticula.   This feature is also recorded for the ill-defined D. australis (Michaelsen, 1889) from Cape York.


Found at 30-40 cm depth, beneath populations of the smaller, surface-dwelling D. narayensis and Microscolex phosphoreus.   Because both specimens were damaged during extraction, they are imperfectly characterised, also neither specimen appeared fully mature.  Subsequent surveying of the area failed to yield more of these specimens, but their adiverticulate spermathecal uniqueness justifies their inclusion here.   It is not intended to publish a formal species description until better preserved material of this worm is obtained from the site and the relationship with D. elstobi is clarified.

Diplotrema narayensis sp nov.
Locality:
CSIRO Narayen Research Station, Mundubbera, Qld.

Habitat: 
Brigalow section: cracking clays, under sown pasture especially when moist, shade experiments under green panic and Rhodes grass; Glenwood section: in clay beside creekbank.

Registration No.: 
numerous specimens were collected, from April, 1991 to May, 1992 including several matures (which are described here) and immatures. 

Length: 
33-35 mm.

Width: 
2-2.5 mm.

Segments: 90-104 (segement viii often thicker and tumid).

Colour:
Unpigmented; anterior faint pink with blue iridescence.  Clitellum pale opaque.

Behaviour: diapause noted in dry soils (populations in adjacent moist soils active).  Docile, contracts slightly when disturbed.  At one time observed with caudal segments protruding from the soil surface in a glasshouse experiment (for casting or respiration?).

Prostomium: proepilobous appearing closed epilobous when forced back by pharynx eversion on preservation.

Fig. 2.7  Diplotrema narayensis (a) ventral view of member of type series; (b) prostates and (c) spermathecae (with penial and genital setae) in situ; (d) prostomium.

First dorsal pore:
7/8 (or 8/9), not obvious except on clitellum.

Setae (vii/ratio of aa:ab:bc:cd:dd:U):
minute and closely paired: 8 per segment from ii, ventral setae absent on xviii (replaced by male pore mounds?); penial setae large on xvii, smaller on xix; genital setae  small on viii, larger on ix. (6:1:6:1:20:0.5).

Nephropores: 
minute in cd line (lateral from dissection).

Clitellum: 
xiii-xvii, annular excluding male field.

Male pores: 
minute in xviii in slightly outwardly bowed seminal grooves between pairs of prostates equatorial in AB in xvii and xix; whole field depressed between the grooves with raised setal and genital papillae.

Female pores:
xiv, minute, anterior to a.

Spermathecal pores:
7/8 and 8/9 ventral in AB.

Genital Markings:
genital setae on small tumescences on viii and ix.  Paired ventral markings on small raised pad in 16/17 (may be as wide apart as prostatic tumescences in some specimens); narrower pairs in 17/18 and 18/19 and a further pair in a ventral tumid pad in 19/20 (this last pair may be fainter than the anterior pairs). 

Septa:
6/7/8/9/10 moderately thick, 5/6 and 10/11/12/13 weak.

Dorsal blood vessel: single, continuous on pharynx (ventral vessel paired under gizzard).

Hearts:
last heart in xiii (xii in one specimen?).

Gizzard:
in v displaced posteriorly, strongly muscular (with proventriculus or wider flange).

Calciferous glands or diverticula:
none although oesophageal dilations noted for vii-xii.

Intestine origin (caeca, typhlosole):
xv, low typhlosole ridge from xxiv resembling thickening of gut on inner dorsal surface.

Nephridia:
no tufted nephridia anteriorly, holonephridia commencing from in front of clitellum, avesiculate.

Testis/sperm funnels:
holandric: iridescent funnels in x and xi; seminal vesicles racemose in ix and xii.

Ovaries:
large pair palmate with 3-4 egg strings in xiii.

Prostates:
two pairs of elongate convoluted tubular prostates with short muscular ducts originate in xvii and xix; pairs on a side interlocking: each extending back three segments. Long penial setae sheaves converge with ducts.

Spermathecae:
two pairs in viii and ix;  yellowy, spherical ampulla appears sessile or as appendage from main duct which is dominated by the large langiform diverticulum.  Iridescence seen as sinuous lines within diverticula.  One ampulla in one specimen transgressed the anterior septum, but usually they overlie the ensheathed genital setal bundles.

Gut contents:
 colloidal fine soil plus dark organic debris.

Notes:
pharyngeal glands brightly iridescent to iv.  Coelomic "brown bodies" encompassing setal fragments were occasionally seen.

Remarks:
this species is relatively close, both somatically and geographically, to the similarly small D. fragilis Spencer 1900, from Gayndah as re-characterised by Jamieson (1971b) and Dyne (1984) (where the error in Spencer's original account with regards their being only one pair of prostates originating in xviii, was corrected).  Particular agreement is with segment viii swollen and a glandular patch ventral in xvi-xix.  However, D. narayensis can be separated from D. fragilis on the absence of ventral setae on xviii; absence of "horny ridges" on xiv; by having seminal vesicles in ix and xii (rather than xi and xiii (sic) as reported by Dyne, 1984); homology of prostates and by the absence of latero-neural glandular mass internally in xvii-xix.  D. narayensis is remarkably similar to D. capella which was found in a comparable habitat several hundred kilometres further north-west.  Especially the setal ratios concur.  As noted in the  D. capella account, this species is perhaps close to D. tyagara from NSW; D. narayensis differs from D. tyagara for parallel reasons.  D. narayensis is separated from D. capella as from other members of the genus principally on size and distribution of genital markings within the male field.


Although generally scarce or absent from sown pastures,  under irrigation high densities were found.  Activity seems possible year round given sufficient moisture since in a dry period (March, 1991), specimens were found coiled in cells at 10-20cm depth in some plots but the same species was active beside a leaking cattle trough.  Thus, activity seems dependent on sufficient soil moisture: very high populations were found following irrigation: numbers approached 1,000m-2.  Microscolex phosphoreus was also found in the irrigated plots and, infrequently, D. incerta (above).


In glasshouse trials, D. narayensis survived moderately well, but effects on plant yields were moderate. 

Genus Digaster Perrier, 1872, emended Jamieson, 1963, 1975.

Diagnosis: length 38 cm to 2 m; segments 100 to 300+.  Setae lumbricine. Clitellum occupying some of xii to xx.  Male and prostatic pores combined on xviii (rarely xvii).  Spermathecal pores, 2 pairs in 7/8 and 8/9 (plus one pair in 6/7?).  First dorsal pores from 4/5 to 11/12.


Two gizzards in some of v to vii (or three in D. perrieri and ?D. queenslandica).  Intestine commencing in or behind xviii, typhlosole absent.  Dorsal blood vessel single; last hearts in xii or xiii.  Prostates racemose or tubuloracemose with branched ducts within the gland.   Spermathecae with one or more discrete or sessile diverticula. Meronephric.

Type-species: Digaster lumbricoides Perrier, 1872  from Port Macquarie, NSW (see Jamieson, 1970b for description).

Distribution: Australia: NSW, Qld, Vict.

Key to named species of Digaster (including new species).

1. 
3 oesophageal gizzards.......................................D. queenslandica (part)*


2 oesophageal gizzards.................................................................................2

2. 
Anterior segment suppressed. Male pores in xvii...................................3


Anterior segment present. Male pores in xviii........................................5

3.
Accessory genital markings a pair of oval glandular areas in front of and behind the male pores, posteriorly in xvi and anteriorly in xviii.   Other accessory genital markings absent...........................................D. lumbricoides lumbricoides

Accessory genital markings midventral, unpaired transverse pads in 19/20 and 20/21; sometimes also in varying numbers of intersegments 18/19, 21/22-24/25, and in 8/9-10/11...........................................................................................4

4.
Penial setae absent....................................................................D. anomala

Penial setae present......................................................D. conforma (part)

5. 
Gizzards in v and vi......................................................................................6


Gizzards in vi and vii....................................................................................7

6. 
A square glandular pad midventral in each of xi and xii.  At maturity, 2 elliptical genital markings, one behind the other, lateral of the male pores.   A pair of ellipses often present in each of xvii and xix........................D. armifera

Genital markings absent from xi and xii.  Three transverse ventral ridges typically present, in 17/18, xviii and 18/19...........................................D. perrieri
7.
 Dorsal setal couples in caudal segments displaced far dorsally, the 4 setae, c d d c, in 4 equispaced lines.......................................................................8


Dorsal setal couples not displaced far dorsally; setae of each couple closely or widely paired............................................................................................9

8.
Accessory genital markings a midventral pad in x, xvi and xvii and a pair of white tumescences presetally in xix.................................D. pseudoperichaeta

Accessory genital markings a midventral circular papilla in xiii, xx, xxi and in varying numbers of segments xii, xv, xvi, xix and xxii-xxiv.  A paired marking sometimes present in x............................................................................D. minima
9.
One or more midventral unpaired genital markings (papillae or transverse pads) in or within a segment or two of ix..........................................................10


Midventral unpaired genital markings absent (immature?) or, if present, not in the vicinity of ix...........................................................................................18

10. 
Three pairs of small disc-like markings located between the male porophores on xviii............................................................................D. sexpunctata

No genital markings between the male porophores............................11

11.
Metandric (testis and funnels in xi only).  First dorsal pore in 5/6 or 6/7... .......................................................................................................D. longmani (part)


Holandric (testis and funnels in both x and xi).  First dorsal pore in or before 5/6.................................................................................................................12

12.
Seminal vesicles in xi and xii.  First dorsal pore in 5/6.............. .......................................................................................................D. longmani (part)


Seminal vesicles in ix and xii.   First dorsal pore in or before 5/6..13

13. 
First dorsal pore in or before 4/5...........................................................14


First dorsal pore in 5/6..............................................................................16

14. 
  Genital markings absent.  First dorsal pore in 3/4-4/5. Seminal vesicles in xi and xii.......................................................................D. queenslandica (part)*


Genital markings present..........................................................................15

15.
Midventral unpaired papillae transversely elongate on segments following the spermathecal pores; intersegmental in the vicinity of the male pores where there may be paired papillae also......................................................D. nothofagi

Midventral unpaired papillae circular or longitudinally extended on segments following and often including the spermathecal pores; not present in the vicinity of the male pores where there are usually paired segmental markings................................................................................................D. binnaburra
16.
Last heart xiii.  Penial setae present.........................D. conforma (part)


Last heart xii.  Penial setae absent..............................D. montigossypina
17.

18. 
Unpaired midventral pads around, between or including the male pores on xviii........................................................................................................................19


No midventral pads near xviii (genital markings usually present elsewhere).................................................................................................................21

19. 
Elongate pads in 17/18 and 18/19 both above and below male pores, prostates bi-partite......................................................................Digaster biracemea

A single midventral pad circular, oval or almost bifid pad on xviii..20

20.
Female pore unpaired.  No genital marking other than on xviii.......... .............................................................................................................D. gwongorellae

Female pores paired.  Typically with an additional genital marking on xix....................................................................................................................D. minor
21.
Metandric.....................................................................................................22


Holandric......................................................................................................25

22. 
Unpaired transverse midventral pads intersegmental on the clitellum.  First dorsal pore in 9/10-12/13...............................................D. brunneus (part)


Clitellar pads absent.  First dorsal pore in 5/6-12/13.........................23

23. 
First dorsal pore in 9/10 or further posteriorly.......D. brunneus (part)


First dorsal pore in 5/6 or 6/7.................................................................24

24. Spermathecal diverticula elongate-ovoid pads on duct.................................. .......................................................................................................D. longmani (part)


Spermathecal diverticula knob-like or intramural on duct......D. keasti
25.
A pair of glandular patches present in the vicinity of 17/18 in front of the male pores.  Other genital markings present or absent..................................26


No paired glandular patches anterior to the male pores.  Male pores in ab of xviii on small papillae within a common lip-like ridge.   Midventral unpaired transverse pads extending to ab in 19/20, 20/21 and 21/22...D. gayndahensis
26. 
A pair of genital markings in or just anterior to 17/18 and a similar, unilateral (left) marking in or just anterior to 18/19.   First dorsal pore in 5/6.  Spermathecal ducts not dilated..................................................D. lamingtonensis

Paired markings in or near 17/18; markings if present near 18/19 paired.   First dorsal pore in 4/5 or 8/9-10/11.   Spermathecal ducts not dilated....27

27. 
First dorsal pore in 4/5.  Male pores preceded at 17/18 and succeeded at 18/19 by a pair of oval glandular areas....................D. lumbricoides kondalilla

First dorsal pore in or behind 8/9.   Male pores preceded at 17/18 by a pair of glandular areas but paired markings behind the pores indistinct or absent.........................................................................................................................28

28.
Body approximately 90-140 mm long and 4-5 mm wide................................ .................................................................................................D. bradburyi bradburyi

Body approximately 185-265 mm long and 8-10 mm wide.............................. ...............................................................................................D. bradburyi bunyaensis
* Fletcher's description of Digaster queenslandica (Fletcher, 1889) was found (Jamieson pers. comm.) to be erroneous in respect of there being two gizzards in v and vi rather than three.  However, this trigastric character is retained here since there may well be trigastric morphs (as for D. perrieri - see Jamieson, 1963a, p 108) or, if not, then to anticipate other investigators making the same error as Fletcher.


Note: Dyne (1984) found that specimens lodged in the National Museum of Victoria as type-material of Cryptodrilus queenslandica Spencer, 1900, consisted of several species. One of these Dyne identified as Heteroporodrilus mediterreus, some others were indistinguishable from Digaster keasti Jamieson, 1977b.  However, Spencer's description and drawing differs substantially from this conclusion by having only a single gizzard in v (not two in vi and vii) and calciferous glands in xiv-xvi (rather than none as in D. keasti), amongst other differences.  Dyne's discovery indicates that the status of this species is uncertain pending the tracing of Spencer's type materials. 


Morphological resemblances between D. keasti and D. brunneus, as well as with D. longmani, are sufficiently close for Jamieson (1977b) to suggest a series of phylogenetic relationship between these geographically near neighbours.


Jamieson (1970b and 1975c) believed that D. anomala was actually part of a species-complex linked to the D. lumbricoides-group through its resemblance to D. bradburyi.


Jamieson (1971a) defined a D. lumbricoides species-group with gizzards in vi and vii, to emphasise the distinctness from a D. perrieri-group with gizzards in v and vi.
Digaster anomala Jamieson, 1970.


Digaster anomala complex (part) Jamieson, 1975.

Distribution: Brisbane environs.

Locality:
Brookfield, Brisbane.

Habitat: 
suburban gardens (in red podsolic soil).

Registration No.: 
two specimens dissected and described collected by B.G.M. Jamieson 2/March/1992 and (a posterior amputee) by C.H. Thompson 8/May/1993.

Length: 
65 mm (-105 Jamieson, 1970b).

Width: 
3-6 mm.

Segments: 99 (-146 Jamieson, 1970b) the aborted anterior metamere and rugose "first" segment are characteristic for this species: unadjusted counts are recorded below (ie. the anterior segment counted as one); much secondary annulation after clitellum.

Colour:
unpigmented; yellowy clitellum.

Behaviour: docile, contracts on touch and may eject yellow fluid.

Prostomium: small proepilobous.

First dorsal pore:
4/5, present but not obvious on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from i but a and b absent from xvii (3:1:4:3:20:0.5).  The ventral setal pairs narrow and converge either side of the male pores.

Nephropores: 
not visible.

Clitellum: 
xiii-xvii annular with male field impinging or saddle shaped; setae retained ventral setae on papillae.

Fig. 2.8 Digaster anomala, (a) ventral view, (b) bipartite prostate, (c) spermathecae (in anterior segments) (d) prostomium (e) gizzards in v and vi.

Male pores: 
on xvii near sites of missing a setae, minute pair of slits equatorialon slightly raised midventral pads within a tumid area in AA from ½xvi to ½xviii.

Female pores:
xiii minute pair antero-median to a.

Spermathecal pores: 6/7 and 7/8, closely paired ventrally.

Genital Markings:
anteriorly in 6/7-10/11 and 18/19-20/21 raised ventral pads which become progressively thicker and wider.

Septa:
5/6-12/13 thick.

Dorsal blood vessel: single, continuous on pharynx.

Hearts:
pairs in vi-xii: last heart in xii.

Gizzard:
a pair in series, both spherical, large and muscular in v and vi.

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
xvi or xvii (acaecate).

Nephridia:
meronephric: numerous in anterior segments  becoming megameronephridia in clitellar region (four pairs).

Testis/sperm funnels:
testis not found (in ix and x) but seminal vesicles seen in viii and xi.

Ovaries:
pair in xii, small rosettes of eggs.

Prostates:
pair in xvii, racemose, bilobed and spherical.

Spermathecae:
two pairs in vi and vii (in segments preceding the pores);  ampullae spherical and packed with nematodes; short ducts pass through septa and bear small digiform or closely attached multi-loculate diverticula. Iridescence seen in posterior spermathecal diverticula only.

Gut contents:
 fine soil.

Notes:
as the only difference from Jamieson's (1970b) account is the proepilobous prostomium, conspecificity is not doubted.   Records of occurrence are from under eucalypts and pasture around Brisbane (see Jamieson, 1975c for details).

Remarks: the monometameric suppression of the first segement is seen elsewhere in the generic type: D. lumbricoides lumbricoides.  Infestation of spermathecae with nematodes was also recognised for D. anomala by Jamieson (1975c) and for D. gayndahensis by Jamieson (1963a) (see also D. conforma below).
Digaster biracemea sp. nov.

Locality:
"10 Km NW of Lismore, NSW on farm property."

Habitat: 
"Deep unstructured black clay soil - prairie podsol. In vertical tunnels, abundant."

Registration No.:  collected 26/Fed/1992 by Dr. B. Doube, three posterior amputees, one anterior amputee -  all matures but damaged and macerated, the largest anterior portion (holotype - H) dissected here, other specimens paratypes.

Length: 
tail portion almost complete 290 mm.

Width: 
9-10 mm.

Segments: longest portion approx. 280, body circular, some secondary annulation especially after viii.

Colour:  anterior dorsum dark brown, remainder of body cream, clitellum chocolate-brown.  When the cuticle was removed it was found that much of the brown colouration was easily abraded.

Prostomium: furrowed prolobous.

First dorsal pore:
11/12-13/14 then continuous from 17/18.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
lumbricine closely paired, minute in the anterior, no penial setae, not becoming equispaced caudally (2.8:1.0:2.8:3.3:11.3:0.40). 

Nephropores: 
not found.

Clitellum: 
½xii,xiii-xviii annular but interrupted by male field and pale patch anterior to female pore(s).

Male pores: 
xviii on small porophores almost obscured by folds tumid lateral pads in position of 17/18 and 18/19 extending almost to c, which compress segment xviii ventrally.

Female pores:
paired or single on xiv anterior to a.

Spermathecal pores: 7/8 and 8/9, same width as male pores as lateral slits. 

Genital Markings:
co-joined paler and slightly tumid patches anteriorly in viii and ix beneath the spermathecal pores.  Tumid lateral lips above and below male pores, slight discolouration laterally on the inner folds of both pads.

Hearts:
commissurals seen in v-viii, slightly larger in ix, large lateral hearts in x-xii.  No supraoesophageal seen.

Gizzard:
two weak gizzards in vi and vii.

Fig. 2.9 Digaster biracemea specimen H (a) ventral view (b) prostate (c) spermathecae (d) prostomium (e) gizzards (f) enlargement of spermatheca from viii (a-e at same scale, f at scale indicated).

Calciferous glands or diverticula:
oesophageal dilations in ix-xii believed calciferous in xi (at least).

Intestine origin (caeca, typhlosole):
xviii or xix, atyphlosolate, acaecate.

Nephridia:
meroic, white parietal nephridia numerous midsegmentally from about iii (not tufted).

Testis/sperm funnels:
holandric: free iridescent funnels in x and xi, seminal vesicles as paired, racemose dorsal extensions of anterior septa in xi and xii (not in ix).

Ovaries:
small? not differentiated from meronephridia in xiii.

Prostates:
a pair, both bi-raceme with flaccid ducts uniting to exit commonly, confined to xviii although the anterior lobe on the right hand side appeared to impinge into xvii.

Spermathecae:
two pairs in viii and ix, dilated ampullae clearly demarcated from short ducts each bearing a small flap-like or sessile iridescent diverticulum at about mid-length.

Gut contents:
in the oesophagus grass fragments and woody material invested in grey coagulum, in the intestine fine soil was found.

Remarks:  complying with the "D. lumbricoides group", this species also has possible affinities with Digaster perrieri which however, has gizzards in v and vi (and vii), is substantially larger (cf. 45 mm perrieri), has only two lateral ridges around male pores (cf. three), last heart in xii (cf. xiii) and differs in the form of the spermathecae and prostates.  Bi-partite or bi-raceme prostate glands are also found in Digaster bradbury and D. lumbricoides subspecies and, in some morphs of D. gwongorellae, this latter species however, is tanylobous, has dorsal pores more anteriorly and genital marks are a single pad, midventral between the male pores.  Especially, D. b. bunyaensis and D. l. kondalilla are similar in size and morphology to D. biracemea (eg. holandric, last hearts in xii etc.).  However, in these sub-species the genital marks around the male pores are paired, rather than lateral pads as in D. biracemea, also the spermathecae differ in shape (in D. bradbury subspp.) and the dorsal pores are more anterior (in D. l. kondalilla).  There remains the possibility that the lateral pads in D. biracemea, although consistent for each specimen,  are actually infolded preservation artefacts of the paired genital marks seen in these other species. However, the other variations suggest specificity, with D. biracemea representing an intermediate form, both morphologically and geographically, between these two taxa.

Digaster brunneus Spencer, 1900.

Distribution: along the Burnett River in south-east Qld.: Gayndah, Gin Gin, Murgon, Tansey, Bauple, Wolvi.

Type-series from Gayndah.

Locality:
Ban Ban Springs and Brian Pastures, Gayndah and Elliot Heads, Bundaberg (new record).

Habitat: 
beside creek, in cracking clay soil under DPI "creeping blue grass trial" and native speargrass pastures; under suburban lawn (at Elliot Heads).  

Registration No.: 
Gayndah specimens collected by RJB 12/JULY/1991, Elliot Heads specimen by Les Ingles.

Length: 
160-310+ mm (unconfirmed 1350 mm by Les Ingles - pers. comm.).

Mass: 
10.9 g (300 mm specimen), 5.3 g (180 mm specimen).

Width: 
6-13 mm.

Segments: 158-300 (573 counted for Elliot Heads specimen) but difficult to count due to developed secondary annulations and lack of clear setae.

Colour:
preclitellar anterior brown; posterior unpigmented and gut visible as spiralling blue vein; male pores pink in life; clitellum grey to chocolate brown.

Behaviour: clear, sticky fluid ejected from anterior dorsal pores when disturbed; bleeds considerably when damaged.

Prostomium: (prolobous?) much reduced, obscured by numerous peristomal grooves and folds.

First dorsal pore:
10/11-11/12.

Setae (ratio of aa:ab:bc:cd:dd:U):
lumbricin closely paired, minute only occasionally found around clitellum and posteriorly. 

Nephropores: 
not found.

Clitellum: 
½xiii,xiii-xviii,xix annular, interrupted by male field.

Male pores: 
xviii as small, lateral slits on slightly raised porophores, the pores united in a common dumb-bell shaped field, or the intervening space may be depressed in more mature specimens.

Female pores:
paired in xiv (when visible).

Spermathecal pores: 7/8 and 8/9, same width as male pores. 

Genital Markings:
variable: in Gayndah specimens only faint elongate pads seen ventrally in xiii and xvii in two specimens; in Elliot Head specimens, intersegmental white tumid pads ventrally in 7/8, 11/12-16/17 and around male pores. Additionally in this specimen, a pair of markings in 9/10 of corresponding width as for the spermathecal pores.

Septa:
4/5-6/7 thickening rapidly, 6/7-10/11 greatly thickened, 11/12 weaker and from 12/13 becoming membranous.

Dorsal blood vessel: single, disappears in to pharyngeal mass in iv.

Hearts:
commissurals seen in v-ix, hearts in x-xiii (Elliot Heads specimen), or x-xii (a Gayndah specimen); xiv or xiii-xvii dorsal vessel is joined by two pairs of lateral vessels from gut.  Ventral vessel bifurcates under gizzard region.

Gizzard:
two large muscular gizzards in vi and vii.

Calciferous glands or diverticula:
none found.

Intestine origin (caeca, typhlosole):
xviii, atyphlosolate, acaecate.

Nephridia:
massive tufted nephridia occupy ii-iv or v then forests of meronephridia in successive segments.

Testis/sperm funnels:
metandric: testis and iridescent funnels in xi only; racemose seminal vesicles in xii only.

Ovaries:
small? often missed, pair of diaphanous oviducts seen in xiii.

Prostates:
a racemose pair confined to xviii, ducts flaccid and straight.

Spermathecae:
two pairs in viii and ix, elongate and often bent with flask-shaped ampullae and ducts with small, sessile, multi-loculate iridescent diverticula ectally.

Gut contents:
 fine soil.

Notes:
collected from QDPI Brian Pastures Research Station besides cattle feed-lot drain and under native speargrass (Heteropogon sp.) pasture with density of approx 10 m-2.   Also from suburban garden at Elliot Heads, where large globular surface casts "hardsetting and the size of golf balls" were produced on the lawn each morning, especially after rain (L. Ingles pers. comm.).

Fig. 2.10 Digaster brunneus Gayndah specimen, (a) ventral view, (b) prostate, (c) spermathecae in situ.

Fig. 2.11 Digaster brunneus Elliot Heads specimen, (a) ventral view (b) prostate, (c) spermathecae in situ.


On a later trip to Brian Pastures (February 1992), this species was consistently recorded under DPI native speargrass Heteropogon sp. trial sites but not under other grasses (David Orr pers. comm.).  Specimens were collected and confirmed as D. brunneus by the author and the native Spenceriella minor (Spencer, 1900) was also present.  It was also present at the same site near a hay barn in association with Dichogaster bolaui. 

Remarks:   these somewhat diverse specimens, are placed in Digaster brunneus by virtue of size range, metandry, last hearts (occasionally?) in xii, first dorsal pores in the vicinity of 9/10-11/12 and the shapes of the prostates and spermathecae.  One feature shared by the similarly large D. longmani and D. brunneus is metandry, other features overlap, but these two species may be separated by the former having genital markings and first dorsal pores more anteriorly.  The current author concurs with Jamieson (1975c) when he states that "the brunneus-longmani complex ... requires further elicitation". 


The widely defined D. brunneus is also similar to the prostatically bipartite D. bradbury bunyaensis Jamieson, 1975c and to the bioluminesing D. keasti Jamieson, 1977b which, however, has its first dorsal pore in 5/6, does not have genital markings, has last hearts in xii, is holandric, (but has seminal vesicles in xii only) and does not have anterior tufted nephridia.  The morphological resemblances between D. brunneus and D. keasti, as well as with D. longmani suggest a phylogenetic relationship between these geographically near neighbours which has yet to be fully resolved.


In a glasshouse trial using D. brunneus (Gayndah specimens), increase in plant growth was not detected.  However, specimens did not survive in these cores nor in soil cultures.   The edaphic requirements of this large native species are not yet determined.

Digaster conforma sp. nov. 

Digaster anomala complex (?"atypical" part) Jamieson, 1975.

Locality:
Samford, Qld.

Habitat: 
collected within a small area of uncultivated "prairie-like" soil under native eucalypts beside river.  The worms were active in "A" horizon humic layers under litter.

Registration No.: 
Seven specimens designated Holotype (H, drawn and dissected here) and Paratypes (with dimensions and segment counts) thus:  P1, mature, 60mm, 120 ; P2, mature, 55mm, 123; P3, 62mm, 123; P4, subadult; P5, mature.  Collected 13/JAN/1993 by RJB.

Behaviour: docile, contracts on touch and ejects yellow coelomic fluid from dorsum.

Length: 
(H) 56 mm.

Width: 
(H) 3.5 mm.

Segments: (H) 122 the first two segments with numerous fine grooves, after vii some secondary annulation which becomes more pronounced after clitellum.   In specimens P1 and P5 only, the intersegmental furrow 1/2 was faint.

Colour:
unpigmented; first four segments pink, clitellum orangy-buff.  Whitish coelomocytes and soil can be seen through body wall in posterior.

Prostomium: open epilobous.

First dorsal pore:
5/6, not obvious on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment closely paired from ii, a and b retained as penial setae on xviii.

(4.0:1.0:2.7:2.7:10.0:0.55).

Nephropores: 
not visible.

Clitellum:
annular xiii-xvii, may include anterior of xviii, furrows and setae retained.

Male pores: 
xviii minute pair of slits equatorial on small raised porophores in AB lines within generally raised mounds occupying whole height of segment and impinging on segment xix.  Immediately below each male pore are the dark tips of a pair of penial setae.

Female pores:
xiv minute pair antero-median to a setae.

Spermathecal pores: widely paired in 7/8 and 8/9 the margin of the posterior segments at each pore is slightly tumid appearing to form closely paired dimples which may bare marks of penetration by penial setae following amphimixis.

Genital Markings:  ventral in posterior annulus of ix is a tumid band with about six small translucent centres in a series (seen in Holotype and in P5).  Ventral in 

Fig. 2.12 Digaster conforma, (a) anterior view of H, (b) prostate showing penial setae (c) spermathecae, (d) prostomium and (e) gizzards in vi and vii.

posterior annulus of xix and in 19/20-22/23 (i.e. five markings) are longitudinal tumid pads extending as wide as b setae (seen in all specimens).

Septa:
4/5/6/7 are thin with 5/6, 6/7 and 7/8 separated to accommodate gizzards, 7/8-14/15 only slightly thickened, 15/16 onwards thin.

Vascularisation: dorsal blood vessel single, continuous on pharynx; ventral vessels paired under gizzards; body wall well supplied with capillaries.

Hearts:
paired commissural vessels in ix, hearts in x-xiii, the last two pairs the largest.

Gizzards:
a pair in series, both spherical, large and muscular in vi and vii.

Calciferous glands or diverticula:
oesophagus distended and vascularised in ix-xiii particularly swollen in xii and xiii.

Intestine origin (caeca, typhlosole):
xviii (acaecate, no typhlosole to about xxx).

Nephridia:
meronephric: numerous in each segment inspected.

Testis/sperm funnels:
possibly metandric: a pair of small (non functional?) funnels seen in x; in xi a pair of free iridescent testis and funnels.  A rudimentary pair of seminal vesicles in ix and in xii a larger iridescent pair.

Ovaries:
paired in xiii ovaries and egg funnels.

Prostates:
a pair in xviii, each as large bi-partite lobed glands with short flaccid ducts.   Near exit of each duct are penial setae sheaves.

Spermathecae:
two pairs in vii and viii (apparently in segments preceding the pores although the septa are distended in this region);  spherical ampullae on distinct ducts each with a short blunt clavate diverticulum.   The diverticula appeared multiloculate and were inseminated (iridescent).  The ampullae, when opened, contained numerous nematodes.

Gut contents:
 fine soil and organic matter.

Remarks:
this species has similarities in appearance and distribution with both Digaster anomala and D. minima, being intermediate to each with regards genital markings and, respectively, in terms of anterior metameric suppression and metandry.  D. conforma typically appears to have a full complement of segments, rather than suppression of the anterior metamere as in D. anomala,  also the genital pores are set wider apart.  However, in two of the specimens, a tendency towards ambiguity of intersegmental furrow 1/2 was noted.   A similar infestation of spermathecae with nematodes was recognised for D. anomala.

Jamieson (1975c) established a "D. anomala complex" to accommodate "typical" and "atypical" specimens, the latter with slightly wider paired spermathecal pores and frequently with penial setae, but both showing the suppression of the first metamere as in D. anomala.  D. conforma is perhaps closer to, or conforms with, the "atypical" D. anomala morphs, but differs as noted above.  Variations in genital markings, width of genital pores and penial setae separate these two species, morphologically and (probably) reproductively, especially as they occur sympatrically in some locations.


D. conforma appears transitional between the more usual holandric and the metandric condition seen in D. minima.   Another species, from further north, which may be included in the same general grouping is D. gayndahensis;  D. conforma is distinguished from this and from other species by the presence of penial setae and the distribution of its genital markings.


It is of note that D. conforma was not recorded from cultivated areas at Samford but from a relict of native forest that was fenced off from the farmed areas.  This population may also be considered relictual.


Identification of the spermathecal nematodes was not attempted, but would be of taxonomic interest should they be found to be separate species.  A study of the life cycles, means of infestation and effects on the host of these parasites would also be of interest.

Digaster minima Jamieson, 1975.

Distribution:
Mt Nebo, Qld.

Locality:
Samford (new record).

Habitat: 
alluvial soil under pasture.

Registration No.: 
a single mature specimen collected 28/JULY/1992 by RJB.

Length: 
56 mm.

Width: 
2-3 mm.

Segments: 117 the first five segments are smooth others have much secondary annulation after clitellum.

Fig. 2.13 Digaster mimima, (a) ventral view of Samford specimen, (b) prostates, (c) spermathecae.

Colour:
unpigmented, the single dorsal and ventral blood vessels are clearly seen, body cavity full of white coelomocytes.

Behaviour: docile, remains elongate on touch.

Prostomium: small proepilobous.

First dorsal pore:
(9/10?) 11/12 continuous on clitellum.

Setae (ratio of aa:ab:bc:cd:dd:U):
small and obscure 8 per segment from ii, ventral setal couples narrow near male pores and dorsal setal couples are indistinguishable anteriorly but are seen displaced dorsally in the posterior; a and b absent or modified on xviii (3:1:?:?:?:?).

Nephropores: 
possibly faintly visible in D line in 6/7, 11/12, 15/16 and 17/18.

Clitellum: 
xiv-xviii annular male field impinges.

Male pores: 
xviii minute in paired ear-like depressed crescents in AB.

Female pores:
xiv minute pair antero-median to a setae.

Spermathecal pores: 7/8 and 8/9 in AB.

Genital Markings:
single, mid-ventral and equatorial in xi-xvii and similarly in xix-xxii, the one between the female pores on xiv is much fainter.

Septa:
5/6-12/13 thick.

Dorsal blood vessel: single, continuous on pharynx.

Hearts:
pairs in vii-xii: last heart in xii; ventral vessel bifurcates in vi and v.

Gizzard:
two in vi and vii spherical and rather weak but each has cup-shaped more muscular posterior half.

Calciferous glands or diverticula:
none.

Intestine origin (caeca, typhlosole):
gut widens appreciably in xvi and is covered with white chloragogen cells from xxiii, no typhlosole, acaecate.

Nephridia:
four pairs of coiled mega-meronephridia per segment from vii or viii.

Testis/sperm funnels:
metandric: testis and funnels in xi only, iridescent. 

Ovaries:
a pair in xiii.

Prostates:
a pair confined to the enlarged segment xviii, racemose.

Spermathecae:
two pairs in viii and ix, elongate with flask-shaped duct and ampulla with a small round diverticulum, diverticula iridescent.

Gut contents:
 fine soil.

Notes:
collected only occasionally under pasture on banks of South Pine River.  This native worm was found in association with several exotic species of earthworm: eg. Amynthas rodericensis, A. minimus, Polypheretima taprobanae.  It shares with D. minor a small somatic size for the genus.

Digaster montigossypina sp. nov.
Locality:
Queensland University farm at Mt Cotton.

Habitat: 
in drier soil of upper bank of a sandy creek at 30-40 cm depth, between native trees and under grass. 

Registration No.: 
collector D.R. Mercer, 28/viii/1975: two specimens, probably not fully mature, one posterior amputee.

Length: 
105 mm Holotype (H), amputated Paratype (P1) less.

Width: 
8-10 mm.

Segments: 200, body stout, much secondary annulation from iv to xii with grooves as deep as intersegmental furrows, less annulation after clitellum.

Colour:
uniformly unpigmented in formalin, clitellum only faintly darker; male field and genital markings pinkish.

Prostomium: small proepilobous.

First dorsal pore:
5/6.

Setae (xx/ratio of aa:ab:bc:cd:dd:U):
small and obscure particularly in the anterior, in posterior 8 per segment, the ventral setal couples widening somewhat after clitellum; a and b absent from xviii; (8:1:7:2:30:0.55).

Nephropores: 
not found (enteronephric).

Clitellum: 
xiv-xvii(or more?): not fully developed.

Male pores: 
xviii small pair of slit-like pores within ellipsoid lips on apices of raised porophores with numerous faint concentric circles in AB line, all within a slightly darker depressed dumb-bell shaped field encroaching onto the anterior annulus of xix.

Female pores:
xiv minute pair or slits in general darker patch median to a setae. 

Spermathecal pores: at the anterior margins of viii and ix almost in 7/8 and 8/9 in AB.

Fig. 2.14 Digaster montigossypina (a) ventral view of specimen H showing (b) prostate and (c) spermathecae in situ and (d) an enlargement of a spermatheca (a-c and e at same scale, d at scale indicated).

Genital Markings:
darkened mid-ventral patches occupying the posterior annulae of ix and x as wide as B.

Septa:
from 4/5, 8/9-13/14 the most thickened.

Dorsal blood vessel: damaged during incision: single, continuous on pharynx.

Hearts:
large pairs in x-xii: last heart in xii.

Gizzards:
two, in vi and vii spherical and solidly muscular and enveloped in many small blood vessels.

Calciferous glands or diverticula:
in xv and xvi the oesophagus is greatly distended and supplied dorsally by large blood vessels, in section the walls are glandular with lamellae.

Intestine origin (caeca, typhlosole):
oesophagus narrows in xvii then widens appreciably in xviii to form the intestine (acaecate, atyphlosolate).

Nephridia:
meronephric, numerous micromeronephridia seen especially on anterior of septa.

Testis/sperm funnels:
holandric: testis and iridescent, membranous funnels seen in x and xi. Seminal vesicles as paired and finely lobulate, extensive attachments to septa in ix and xii.

Ovaries:
small pair in xiii.

Prostates:
a small pair confined to xviii, compact racemose with thick muscular duct.

Spermathecae:
two pairs in viii and ix, elongate bulbous ampullae narrow to shorter ducts which each bear a sessile, almost integral, diverticulum with several small iridescent  pockets (possibly classifiable as intramural, multilocular diverticula).

Gut contents:
 fine soil.

Notes:
both specimens described here are aclitellate but may be mature since iridescence was noted in testes and spermathecal diverticula.    Oesophageal pouches are often present, as here, in Digaster.

Remarks: the description above agrees well with Fletcher's original (1889) account of Digaster (=Perissogaster) queenslandica from Oxley near Brisbane.  His two specimens were larger (155 mm) but in a similar "non-breeding condition" to the specimens above i.e. aclitellate.   Major differences from Fletcher's account of the one specimen he dissected and of the specimens above, is that D. queenslandica was reported to have three gizzards in v-vii rather than two, dorsal pores from 3/4 and no seminal vesicles in ix.  These two specimens of D. montigossypina also key out (Jamieson 1975c) as D. nothofagi or D. binnaburra.   Although possibly not fully mature, the specimens here are substantially larger than either of these two species.  The spermathecae of D. binnaburra are similar to the specimens here, but the prostates differ in morphology.  Another, heteromorphic species in the region is D. longmani, but the specimens here differ from "typical" populations of this species by being smaller in size, holandric, in the form of the prostates and by having last hearts in xii.  However, they are more similar to the single "atypical" D. longmani specimen from Stradbroke Island (vide Jamieson, 1975c) that differs only by absence of both calciferous glands and of seminal vesicles in ix.


Based on the above differences the specimens are designated as new species.  Since type material of D. queenslandica has not been inspected in the present study, the possible relationships with digastric morphs resembling D. montigossypina has not been investigated.

Genus Didymogaster Fletcher, 1886 - confined to NSW.

Diagnosis (from Michaelsen, 1900): Lumbricine, clitellum from before xiv for five or six segments, female pore paired, 3 pairs spermathecae, segmental in 8/9-10/11, two gizzards, meroic, holandric.  Two species:

D. sylvatica Fletcher, 1886 from NSW.

D. prothecatus Jamieson and Bradbury, 1972, from NSW.


The close relationship between this genus and Digaster was discussed by Jamieson (1975c).

Genus Perissogaster Fletcher 1887.

- suppressed by Beddard (1895), Sweet (1900) and Jamieson (1963a); resurrected by Michaelsen (1900, 1907), Jamieson (1975c, although material of the genus was insufficient for full characterisation) and Jamieson, 1993.

Diagnosis: from Michaelsen, 1900:

Lumbricine. Clitellum from xiv over 5-5½ segments, 2 pairs spermathecae in 7/8 and 8/9. Three gizzards in v-vii. Meronephric.  Holandric. 

Distribution: NSW. 


Whether this genus (and Didymogaster?) should be combined with Digaster, which also contains trigastric species, or not is beyond the scope of the current study as material has not been studied, however, the above diagnosis fails to adequately differentiate between these genera.  Of the three trigastric species listed in Michaelsen, 1900, two are retained in Perissogaster; one: P. queenslandica was removed to Digaster by Jamieson (1975c).  The remaining two are very similar in form being differentiated primarily on presence or absence of dorsal pores and calciferous glands.


Perissogaster nemoralis Fletcher, 1889 from Gosford, NSW - has morphological similarities to the digastric Digaster armifera Fletcher, 1886, which is also from NSW (Jamieson, 1970b).

Perissogaster excavata Fletcher, 1887 from Hawkesbury R., NSW.


Digaster excavata Beddard, 1895.


Perissogaster excavata Jamieson, 1975, 1978.

Note: the name should not be confused with the exotic Perionxy excavatus.

Genus Heteroporodrilus Jamieson, 1970. Emend.

The generic definition is here augmented to accommodate, not only the new species, but to receive several species that were previously placed in Plutellus (sensu Jamieson and Nash, 1976; Dyne, 1980).

Diagnosis: Moderate to large size terrestrial worms (52-580 mm long) generally with less than 200 segments (range 90-387). With or without brown-grey pigmentation.  Prostomium variable from pro-epilobous to tanylobous or grooved.  Setae 8 per segment (only occasionally a and/or b retained on xviii). Dorsal pore from 5/6 or beyond.  Male pores and pores of one pair of racemose to tubuloracemose prostates in xviii.  Spermathecal pores 2-5 pairs, the last in 8/9 (H. notatus and H.clarkei near mid-ix).  Nephropores conspicuous at the anterior border of their segments in D lines in ii-iv or v; in C lines, or alternating between D and C (or mid-BC) for a few segments; then from x where alternation between B and D lines commences for the remainder of the body (may be asymmetrical).


Gizzard in v.  Calciferous glands, 3-5 ventro-lateral pairs sessile or on short-stalks (i.e. about as long as broad) on the oesophagus, the last pair always in xiii.  Spermathecae with one or more, discrete or composite, diverticula. Holonephric with (adiverticulate) terminal bladders. Holandric, testis and funnels free or in unpaired (pericardic) testis sacs.


The distribution is extended only slightly and  concentrically further west, north and south in south-east Queensland, by this study.

Distribution: Murray-Darling River basins in NSW and South Australia; the Wimmera River, Victoria; Tweed River basins in northern NSW; river catchments in south-east Queensland.

Type species: Heteroporodrilus tryoni (Fletcher, 1890) from Milton, Brisbane.

Revised key to known species of Heteroporodrilus:

1. 
Large size (>250mm); five pairs of calciferous glands; three pairs of spermathecae ...................................................................................................... H. tryoni

Four pairs of calciferous glands ....................................................................... 2


Three pairs of calciferous glands ....................................................................10

2. 
Three pairs of spermathecae ............................................................................ 3


Two pairs of spermathecae ............................................................................... 8

3.
Nephropores alternate between c line and d line in 4/5-8/9 (from Queensland) ..................................................................................................................... 4


Nephropores alternate between d line and mid-bc in 4/5-8/9 (Victoria and South Australia) ....................................................................................................... 7

4.
Prostates confined to xviii, penial setae absent; genital markings usually in xx...........................................................................................................................................5

 
Prostates xvii-xix or xvi-xxii, penial setae present; no genital markings in xx.......................................................................................................................................... 6

5.
Prostates with straight duct; spermathecal diverticula variable, single or paired ....................................................................................................... H. incommodus

Prostates ducts long and sinuous; spermathecae each with a single, simple diverticulum ........................................................................................................ H. raveni
6.
Dorsum canaliculate; spermathecae each with two diverticula, occasionally single, but always compound; seminal vesicles in ix and xii...........H. canaliculatus

Body circular; spermathecae each with a single, simple (even rudimentary) diverticulum; seminal vesicles in xi and xii................. H. mediterreus
7.
Genital markings as eye-like pits in 17/18 and 18/19; penial setae present in xviii ............................................................................................ H. shephardi armatus

Genital markings segmental in some or all of xvii, xviii and xix; penial setae absent ................................................................................ H. shephardi shephardi
8.
Spermathecae paired, diverticula bifid or trifid or  variously multi-lobed or numerous....................................................................................................................... 9


Spermathecae with simple (paired) diverticula............. H. bongeen sp. nov.
9. 
Size >210 mm; prostomium epilobous furrowed to 2/3; spermathecae: ampullae large and concertinaed, diverticula compound, opening intersegmentally............................................................................ H. thompsoni sp. nov.

Size <105 mm; prostomium tanylobous; spermathecae with simple or biffed diverticula opening to midsegment................................................... H. notatus
10.
Spermathecae, three or more pairs ............................................................... 11


Spermathecae, two pairs ................................................................................. 14

11.
Size generally >100 mm; genital markings in xvii-xx................................. 12


Size generally <100 mm; genital markings weak or absent (immature?)... ............................................................................................................................................ 13

12.
Spermathecae 5 (or 4) pairs; genital markings widely paired in xvii-xx, presetal in xvii................................................................................ H. jamiesoni sp. nov.

Spermathecae 4 (or 3) pairs; postsetal genital markings elongate or closely paired in xvii-xx .............................................................................. H. oxleyensis
13.
Spermathecal diverticula paired ....................................................... H. sloanei

Spermathecae (occasionally one of the six absent) each with a single diverticulum; prostates absent or present.................................................... H. dioecia
14.
Spermathecal pores presetal near mid-viii and mid-ix; supra-oesophageal vessel single ....................................................................................................... H. clarkei

Spermathecal pores 7/8 and 8/9; supra-oesophageal vessel usually paired .............................................................................................................................................15

15.
Size >300; prostomium epilobous; preclitellar genital marking a series of papillae within a tumid lateral pad ventrally in xii ................................. H. minyoni

Size >100;  prostomium epilobous; preclitellar genital markings in xi and xii; spermathcal diverticula paired.............................................................. H. doubei

Size <80; prostomium tanylobous; preclitellar genital markings widely paired or lacking ........................................................................................................... 16

16.
Spermathecal diverticula paired ......................................... H. lamingtonensis

Spermathecal diverticula single ............................................... H. cooraniensis

Associations between species can be inferred from their nearness in the above key.  Accounts of species not covered in the following descriptions may be sought with reference to the preceding species list.
Heteroporodrilus bongeen sp. nov.
Locality:
  Collected by RJB 7/April/92 opposite the local school house at Bongeen on the Condamine River plain west of Toowoomba, Qld.

Habitat: 
in very dark brown cracking clays, Waco clay gilgai complex (Beckmann and Thompson, 1960) on roadside next to cultivated fields.

Registration No.: 
holotype (H) drawn and dissected, paratype (P1) dissected (both posterior amputees); other specimens from which data taken are two anterior amputees (loosing first 5-7 segments); also collected were four damaged sub-adults.

Behaviour: moderately active worms exude copious watery fluid which drips from body when disturbed, some bleeding when damaged.  Produce granular surface casts.

Length: 250+ mm, body circular in section without dorsal canalicula although one specimen had the posterior 6 segments furrowed.

Width: 
5.5-7.5 mm widest point about viii.

Mass:
3-4 g

Segments: 193-200: first ten segments smooth followed by moderate secondary annulation in succeeding segments.

Colour:
Dark slate grey pigmented anterior (with paler ventral tumescences on x, xi and possibly xii), dorsum and caudal segments with faint red/yellow iridescence; mid-body moderate pigmentation (soil visible in gut). Clitellum variously darker or lighter brown colour.

Prostomium: open epilobous or closed by fine groove but appearing tanylobous due to longitudinal dorsal groove extensions which may almost reach as far as 1/2.

First dorsal pore:
10/11? (difficult to determine due to deep furrows).

Setae (xii/aa:ab:bc:cd:dd:U):
small, 8 per segment from ii, a and b obscure (modified?) on xviii, lateral setal couples cd widely spaced (mean of two ratios,1.7:1.0:1.4:2:4:0.28).

Nephropores: 
in D line 1/2-3/4, 6/7, 8/9, 10/11 or 11/12 then alternating; in B line 5/6, 11/12 or 12/13 then alternating, possibly in C line in 4/5-7/8. There is slight variation between specimens, but for most of the body length there is clear alternation between B and D lines.

Clitellum: 
1/3xiii-xvii annular, setae and nephropores retained.

Male pores: 
pores minute in xviii on small raised porophores in B line.

Female pores:
paired in xiv in line of anterior annulus within a common darker patch anterio-median to a setae.

Spermathecal pores: 7/8 and 8/9 in B line concealed in deep intersegmental furrows.

Genital Markings:
(x-xii tumid?), in xvii  almost central between a setae, three small discs in raised tumid area; in xviii, especially in anterior annulus, four or five pairs of discs (one pair ventral in setal arc) in furrowed, generally tumid area that fills the ventral aspect; in xix similar markings, but discs smaller and more numerous.

Septa:
4/5-11/12 getting progressively thicker, from 12/13 becoming weaker (10/11-12/13 thickest); pharyngeal ligatures (tendons) pervade to beyond viii.

Dorsal blood vessel: single continues on pharynx.

Vascularisation:
vi-ix commissurals, x-xiii larger hearts.

Gizzard:
compact, spherical and muscular in v.

Calciferous glands:
four pairs, compact and ventral on oesophagus in x, xi, xii, and xiii.  Those in x smaller, almost rudimentary.

Intestine origin (caeca, typhlosole):
oesophagus narrows in xiv (valve?) then widens in xv as intestine proper; typhlosole not found.

Nephridia:
holonephridic: a pair in each segment, from at least v, with large deflated and flattened, spherical terminal bladders.  Nephridia closely associated with anterior septa (pre-septal stomata?).

Male organs:
holandric: iridescent funnels of testes in x and xi; racemose seminal vesicles in ix and xii.  

Ovaries:
in xiii, ventrally paired sheets of mesentery may be ovaries but individual oocytes not seen, the egg funnels were seen on the posterior septum.  Five or six smallish, white spheres were noted in one specimen loosely attached to the septum, possibly parasitic Monocystis sp? 
Fig. 2.15 Heteroporodrilus bongeen (a) ventral view of H specimen, showing (b) prostate (with two adjacent nephridia), and (c) spermathecae in situ; (d) reduced lateral view and (e) prostomium.

Prostates:
a pair of large tongue-like racemose glands extending from xviii-xix and overlying a small, flaccid duct that soon enters the body wall.

Spermathecae:
two pairs in viii and ix: spherical but waisted ampullae clearly demarcated from shorter ducts, each bearing a pair of opposed digiform, iridescent diverticula. One specimen had a single diverticulum on only one of its spermathecae.

Gut contents:
 full of very fine grey clay soil and a few round grits coated in mucus.

Notes:
segments, v-xii were filled with a white, fatty coagulum.

Remarks:
belonging to the genus Heteroporodrilus, with alternating nephropores, racemose prostates and sessile calciferous glands, H. bongeen is perhaps closest to H. canaliculatus (Fletcher, 1889) which was recorded from Lachlan River at Forbes, NSW.  It differs from H. canaliculatus in several features but especially in lacking dorsal canaliculation, in having one fewer pairs of spermathecae and in the numbers and position of the genital markings.  On these variations, together with its geographic separation, it is nominated as a new species (named after the type locality).


In the same samples, a native Diporochaeta sp. was also identified.  Neither of these, nor any other worm, were found elsewhere in the vicinity, including under an adjacent sorghum (Sorghum bicolor) crop, despite an hour of searching.  Perhaps cultivation, which has severe effects on burrow systems and soil physical properties, and aerial spraying of insecticides, are adverse to its survival.   It is perhaps significant that the worms were collected from opposite the local school and thereby in an area presumably less affected by application of biocides.  A local farmer from Jondaryan (K. McIntyre pers. comm.) reported that when the natural grasslands were first cultivated, masses of earthworms were exposed.  Possibly the present population is residual from what must have been a very abundant fauna.  The locality was known to local fishermen in the 1950's as a good spot for digging bait (C.H. Thompson pers. comm.).


The specimens were found in burrows up to 1 cm wide extending to a depth greater than 30 cm.  Waco clay is a strongly structured soil that has a thin, fine granular 'self-mulching' surface, but it is possible that the surface casting noted for this worm contributed to the granular aggregates observed.  Although the clay was hot and dry at the surface, some moisture was found at depth: soil moisture was calculated as 48.4% (of dry weight clay soil).  It is very likely that their burrows extend down to the deep calcareous brown clay subsoils found at depths of up to 1 m.  During dry periods these deep subsoils would provide a moist retreat for earthworms. 


Several worms were damaged on extraction, owing to their long body length and rapid escape response along the burrows, these were preserved for identification.  Twelve matures and immatures were kept alive in a sealed container filled with the soil.  Of these, ten survived without management for six months, after which four of the matures (apparently regressed to a "sub-adult" stage ie. with suppressed clitella) were released into new soil in a glasshouse trial.


It is assumed that these worms are geophagous, and that they are able to remain active close to the surface in hot, dry soils.  However, in irrigated 18 Kg cores of clay soil in the glasshouse none survived after four months (October 1992-February 1993) when soil temperature ranged 17-35(C.  Despite this, their burrows and casts indicated some initial activity and the final yield of grain sorghum (Sorghum bicolor) was increased, compared to uninoculated controls, by 40%.

Heteroporodrilus dioecius (Stephenson, 1933).

Locality:
CSIRO Samford farm, Qld. (5 mature specimens), collector RJB; Brookfield, Qld. (2 mature specimens), collector C.H. Thompson.

Habitat: 
under litter on bank of river; on surface after rains.

Registration No.: 


Length: 58-70 mm 

Width: 
2.5-3 mm

Segments: 90-103, body cylindrical but segments tending to become trapezoid with only slight secondary annulation. 

Colour:
anterior dorsum pigmented light to dark brown, clitellum yellow-orange with faint iridescence, ventrum pale.

Prostomium: closed epilobous tapering to notch that extends dorsally to 1/2 (not as far in all specimens).

First dorsal pore:
5/6 faint becoming obvious by 8/9 and either obvious and continuous over clitellum or not.

Setae (xii/ mean ratio of aa:ab:bc:cd:dd:U):
 8 per segment from ii; lateral setal couples widely spaced; setae a of vi to xii seen to be damaged or dehisced in some specimens and, on xviii a setae may be modified.  (Samford, 1.5:1:1.5:2.2:3.3:0.30);(Brookfield, 2:1:2:2:5:0.31).

Nephropores: 
in D line 1/2-3/4, 9/10 and 11/12 then alternating, C line in 4/5-8/9, in B line 10/11, 12/13 then alternating. There is clear alternation between B and D lines for most of body length.  In one Brookfield specimen the alternation was asymmetrical within segments.

Clitellum: 
raised and cingular 1/3xiii,xiv-xvi,1/3xvii (may be interrupted ventrally in xvii); furrows, setae and nephropores retained.

Male pores: 
not found.

Female pores:
xiv a pair in common darker field anterio-median to a setae (more closely paired in Brookfield specimens).

Spermathecal pores:  6/7, 7/8 and 8/9 small stomata concealed in furrows in B line.

Genital Markings:
none, but in two Samford specimens, tumid pads seen in aa in x and/or xi and possibly small unpaired genital markings on xviii.

Septa:
4/5-9/10 moderately thick, 8/9/10 the thickest, 10/11-14/15 weaker. 

Dorsal blood vessel: single continues on pharynx.

Vascularisation:
hearts x to xiii (commissurals in vi or vii-ix).

Gizzard:
small and spherical, moderately muscular in v.

Calciferous glands:
3 pairs, ventral on oesophagus in xi, xii and xiii.

Intestine origin (caeca, typhlosole):
widens in xv, no typhlosole.

Nephridia:
holonephridia with large bladders, seen from at least vi, alternating in position as for nephropores. 
Fig. 2.16 Heteroporodrilus dioecius from Samford (a) ventral view and (b) reduced lateral view, with (c) spermathecae and (d) prostomium; (e) prostomium of another specimen (g) ventral view and (f) spermathecae. In both the prostates were aborted.

Male organs:
iridescent funnels of testes free, or in sacs, in x and xi, seminal vesicles in ix and xi/xii.

Ovaries:
paired tufts of egg strings seen in xiii or in xii (this anomalous positioning was seen in two specimens from Samford).

Prostates:
absent.

Spermathecae:
three pairs in vii-ix, spherical ampullae taper to ducts each with a medium length, frequently iridescent diverticulum.   

Gut contents:
 fine colloidal material, dead roots and organic debris.

Notes:
lack of prostates in all specimens dissected here and the obscurity of the male pores suggests infertility, although the sperm funnels were iridescent and, in several cases, the spermathecal diverticula appear to have been inseminated (also damage to ventral setae was possibly as a result of amphimixis).

Remarks:
this species was erected on aprostatic specimens from Toowoomba (Stephenson, 1933), but Jamieson (1970a) collected specimens at Petrie that did have prostates and male pores.  Possibly similarly male-fertile specimens were present in the populations from which aprostatic specimens were collected in the current study, since the diverticula were inseminated.  These specimens from Samford and Brookfield clearly lie within the descriptions of H. dioecius; a variation from Jamieson, 1970a (apart from lack of prostates) is that the prostomium is here interpreted as being furrowed, closed epilobous rather than tanylobous.  Seminal vesicles were recorded in several of these specimens in ix and xi/xii which is unusual and possibly the material filling xi was mucal coagulum.  It is unusual too to observe ovaries in xii (ie. progynous), this may relate to the 'dioecious' condition.  Stephenson, 1933 found in one specimen that one spermatheca, from the three pairs, was absent.   Prostatic morphs of this species differ from H. raveni principally in having one fewer pairs of calciferous glands which are sessile rather than on short-stalks.
Heteroporodrilus doubei sp. nov.
Locality: "10 Km NW of Lismore, NSW".

Habitat: 
in deep unstructured black clay soil-prairie podsol in deep vertical burrows in association with Digaster biracemea.

Registration No.: 
collector Dr B. Doube, 26/FEB/1992: three mature specimens, (mature holotype, H, drawn and dissected here and paratypes, P1 complete, P2 anterior amputee and an immature).

Length: 
95-120 mm.

Width: 
3.5-4.0 mm.

Segments: 91 (H) body circular.

Colour:
unpigmented, transparent in alcohol.

Prostomium: closed epilobous.

First dorsal pore:
5/6, not clear on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, ab absent from xviii, whole length of setae can be seen through body wall after clitellum (2.13:1.0:1.63:1.75:6.0:0.36).

Nephropores: 
in D in 1/2-3/4? and 6/7 on left hand side, in C 5/6-8/9 in B in 9/10 on right hand side and 10/11 on left hand side then alternating between D and B for remainder of body.

Clitellum: 
½xiii-xvii pale coloured but slightly tumid.

Male pores: 
small in site of missing b setae on slightly raised mound.

Female pores:
on xiv on left hand side only (H) or (P1) small pair.  

Spermathecal pores: concealed in furrows 7/8/9 in B.

Genital Markings:
single, ventrally offset disc on vii; two closely paired in anterior of viii with more lateral sets in longitudinal series in line with spermathecal pores; similar discs to viii on ix except the median discs are in the setal arc; possibly the raised mounds on xviii are genital markings.  Markings not as distinct in specimen P1.

Septa:
5/6 weak and finely attached to sides and base of gizzard; 6/7-10/11 moderately thickened; 11/12 on thin.

Dorsal blood vessel: single onto pharyngeal mass in iv.
Fig. 2.17 Heteroporodrilus doubei sp. nov., (a) ventral view; (b) tubuloracemose prostate; (c) spermathecae; (d) prostomium.

Hearts:
commissurals in vi-ix; hearts in x-xiii the last three pairs larger.  Ventral vessel bifurcated under gizzard.  Fine, supra-oesophageal vessel seen in xii and xiii with lateral branches.

Gizzard:
large, muscular in v but displaced almost to 6/7.

Calciferous glands:
small, white, ventrally sessile pairs of glands in xi-xiii.

Intestine origin (caeca, typhlosole):
widens suddenly in xv  (acaecate, atyphlosolate).

Nephridia:
holoic from anterior with large, flimsy vesicles obvious in the clitellar region, alternating in position.

Testis/sperm funnels:
iridescent funnels seen in x and xi but fragmented during dissection; large pair of racemose seminal vesicles posteriorly in ix and anteriorly in xii.  

Ovaries:
not located.

Prostates:
tubulo-racemose, confined to xviii but folded over flaccid duct.

Spermathecae:
two pairs in viii and ix, bulbous ampullae narrow to shorter ducts, each bearing a pair of opposed clavate, iridescent diverticula.

Gut contents:
 fine soil and Acarina (litter mites) suggesting geophagous/detritivores diet.

Notes:
mucus invests several anterior segments.  Found in association with another native species: Digaster biracemea above.

Remarks:
similarities in calciferous glands and spermathecae are with Heteroporodrilus minyoni, which is much larger (400 mm) and the bi-diverticulate H. lamingtonensis which is of a comparable size but differs in position of genital markings (in x and xi and xvi-xxi rather than in vii-ix).


Heteroporodrilus doubei extends the southern distribution of the genus and vindicates the separation of Heteroporodrilus s. mihi from Plutellus s. stricto, outlined in the emendation of the genus above, as it has sessile calciferous glands and tubulo-racemose prostates that would have bridged the previous generic definitions.   Lismore is somewhat closer to the Plutellus domain, which includes Port Macquarie in NSW.
Heteroporodrilus jamiesoni sp. nov. 
Locality:
 Mt. Glorious, Qld.

Habitat: 
rainforest

Registration No.: 
one specimen, here designated a paratype, from the Jamieson collection labelled "Or5 QSp 27", dated 12/Oct/1971.

Length: 
>110 mm (posterior amputee).

Width: 
6 mm.

Segments: >154. Body spherical without dorsal canaliculation, peristomium wrinkled, preclitellar ventrum somewhat corrugated, secondary annulation slight.

Colour:
Unpigmented buff in alcohol, clitellum darker. Prostomium: closed epilobous with distinct central cleft. 

First dorsal pore:
6/7? wide, continuous on clitellum.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
 8 per segment obvious from iii, a and b setae absent from xviii; lateral  setal couples widely spaced (2.0:1.0:1.8:3.0:4.0:0.23).

Nephropores: 
at anterior margin of segments:  ii/D, iii/D, iv/D or C, V/C, vi/C, vii/C, viii/C or D, ix/C or D, x/D, xi/B then symmetrically alternating for remainder of body.

Clitellum: 
 annular 1/3xiii- 1/2xvii, interrupted ventrally in xvii. Furrows, setae and nephropores retained.

Male pores: 
on elongate porophores on xviii in B line.

Female pores:
paired on xiv anterio-median to a setae. 

Spermathecal pores: five pairs 5/6-8/9 in B line.

Genital Markings:
in xvii-xx widely spaced, presetal, laterally flattened pads which just encompass the ventral setal couples.

Septa:
5/6 weak, 6/7-12/13 becoming progressively stronger, then thinning; 5/6 and 6/7 displaced by gizzard, 10/11 and 11/12 converging and thickened.

Dorsal blood vessel: single continuos on pharynx.

Vascularisation:
commissurals noted in vi ix, hearts in x-xiii.   A supra-oesophageal vessel in  x, strengthens  from xi-xiii  and, on each side, supplies the 

Fig. 2.18 Heteroporodrilus jamiesoni (a) ventral view showing (b) prostate and (c) spermathecae in situ and (d) dorsal view of calciferous glands with the dorsal vessel removed.  The peristomium was damaged dorsally and was not drawn.

centre of each calciferous gland in these last three segments with a connective that dissipates into capillaries. (Ventral vessels not inspected).

Gizzard:
muscular in v displacing septum 5/6 and 6/7, with wide rim anteriorly then tapering to appear cone shaped.

Calciferous glands:
three pairs of spherical, almost reniform calciferous glands ventro-lateral to oesophagus in xi, xii, and xiii with numerous lamellae seen externally.  To each gland a short stalk extends laterally from the oesophagus, and is directed downwards to the dorsal centre of each gland.  

Diagnosis: short-stalked calciferous glands.

Intestine origin (caeca, typhlosole):
in xv the intestine widens to reach its full width in xvi (typhlosole not found).

Nephridia:
holonephric throughout with large convoluted tubes and flattened, round terminal bladders in the position of nephropores.

Male organs:
especially x, but in xi too, fairly thickened pericardic (testis) sacs extend between the septa and encompass the blood vessels, oesophagus and the large iridescent funnels of the testes.  Seminal vesicles are paired and racemose in ix posteriorly and xii anteriorly on septa.  

Ovaries:
small compact glands found in the anterior ventrum of xiii but individual ova not visible.

Prostates:
compact, tongue-like, racemose glands confined to xviii each with a short, flaccid duct.

Spermathecae:
five pairs in v-ix (the anterior pair obscured by gizzard and septa).  Elongate, conical ampullae attach to tapering ducts each with a single simple digiform diverticulum. The right side posterior diverticulum was bifid with a smaller, blunt branch.  Iridescence was noted for each diverticulum.

Gut contents:
 almost entirely consisting of woody organic matter well mixed with some soil.

Notes:
segments v-xiii were often filled with coagulum, and  on the oesophagus or posterior septum of vi-ix, small opalescent glands or sacs were also observed.

Remarks:
the specimen described here corresponds well in description with Jamieson's 1970a specimen (which he placed in H. ashworthi).   They are especially similar with regards to the illustrations (vide Jamieson, 1970a Fig 1; 2; ;3(a); 8(a), (b); 9(a) and 10(a)).  Major differences are that four, rather than five spermathecae were recorded, no division of the spermathecal diverticula were noted; testis were free, rather than in testis sacs as here.  Distributions of genital markings concur except for the absence in the specimen before me, of an obvious pair of presetal elliptical pads in ix and x.


This species can be separated from H. oxleyensis on the basis of genital markings, but not on testis sacs, which have been recorded as present or absent for both species.  The spermathecae of H. oxleyensis and H. jamiesoni are similar in appearance and are recorded as 4 or 3 pairs and 5 or 4 pairs, respectively.  Intermediate forms doubtless await discovery.


   Separating species on the basis of genital markings, which may vary with season or physiological or ontological state, is perhaps tenuous.  But, in cases where population ranges overlap, such features are perhaps emphasised and may have a greater importance for speciation (as with Darwin's finches).  Such small apparent variations in genital markings could be crucial deciders for mate recognition.  Are divisions based on numbers of calciferous glands or spermathecae any more conclusive?


Of interest is that the short stalks on the calciferous glands in the specimen here are similar to those for H. oxleyensis (Mt Cotton specimen) as well as those illustrated for Plutellus (=Heteroporodrilus) minyoni (Dyne, 1980).

Heteroporodrilus oxleyensis (Fletcher, 1889)

Distribution:  Samford, Brisbane. 

Locality:
Queensland University Mt. Cotton farm; Qld.

Habitat: 
under 'blue gum' (Eucalyptus tereticornus) and Leucaena leucociphala plantation, particularly in red podsolic soil.

Registration No.: 
One mature specimen (with the posterior amputated but retained) and several immature and sub-adult specimens collected 19/Jan/1993 by RJB and S. Jeffries.  Other sub-adult specimens collected August and October 1992 by A. Wilkie.

Behaviour:
Wriggling escape motion when handled, caudal segments may be ventrally compressed (for traction when retracting in burrow?).

Length: mature specimen, 140 mm; other specimens 33-110 mm.

Width: 
larger specimens 3.5-4 mm.

Segments: mature, 167; others, 113-159, secondary annulation minimal. Slight dorsal furrow in caudal segments.

Colour:
dorsum, especially in anterior and caudal segments, pigmented light yellowish-brown with slight iridescence, ventrum  pale; clitellum buff. 

Prostomium: closed epilobous with distinct dorsal cleft extending from tip of prostomium through to 2/3 (seen in all larger specimens). Immature specimens have furrow to 1/2 only but short grooves also flare from prostomial junction.  Pharynx may evert on preservation. Peristomium usually rugose.

First dorsal pore:
6/7 rudimentary, from 7/8 distinct.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
 8 per segment from ii, a and b absent from xviii; lateral setal couples widely spaced (2.0:1.0:2.0:2.3:3.7:0.23).

Nephropores: 
in D line 1/2-3/4, 5/6 or 6/7, then alternating; in C line, when not in D in 4/5-7/8 and alternating in B line from 9/10.  Clear alternation between B and D lines for remainder of body. In some specimens, nephropore alternations were asymmetrical in B and D per side. 
Clitellum:
½xiii-2/3xvii, interrupted ventrally in xvii; setae, nephropores, furrows and dorsal pores retained.

Male pores: 
on xviii on slightly raised porophores, approximately in B line (on immature and sub-adult specimens seen within small lateral creases).

Female pores:
on xiv a pair anterio-median to a setae in common darker lateral patch.

Spermathecal pores: 5/6-8/9 concealed in furrows in B line.

Genital Markings:
mature specimen only: in vii and viii single or paired faint discs anterior to ventral setal couples; in ix and x closely paired discs between a setae, also in ix a smaller pair of markings just posterior to spermathecal pores.  In xvii a pair of postsetal pads, closely paired in common ventral tumid area; mostly presetal in each of xviii-xx: elongate smooth pads sunken in otherwise raised glandular areas.  

Fig. 2.19 Heteroporodrilus oxleyensis - Mt. Cotton: mature specimen (a) ventral view with (b) prostate and (c) spermathecae in situ, and dorsal views of (d) prostomium, (e) calciferous glands (f) posterior.

Septa:
4/5 membranous to anterior of gizzard, 5/6 thin and much displaced to accommodate gizzard, 6/7-11/12 only slight, but progressive thickening, 12/13-14/15 thinning and thereafter membranous.   Septa 4/5-8/9 are posteriorly displaced to a lessening degree, 9/10 and 10/11 are adherent.  Pharyngeal tendons extend through anterior septa.

Dorsal blood vessel:
single continuous onto pharynx.

Vascularisation:
commissurals from vi-x, hearts xi-xiii.

Supraoesophageal vessel not found in xi but developed in xii and xiii with small connective to dorsal heart valves and lateral branches attached to stout pink stalks that pass to dorsal centres of the calciferous glands on each side.  The hearts pass to ventral vessel, dorsal to which is a separate vessel that seems to supply the calciferous glands at their ventral axis.  The dorsal vessel from xiv has two small pairs of vessels in each segment that pass to each side of the alimentary canal.

Gizzard:
tubular to spherical and muscular in v.

Calciferous glands:
three pairs in xi, xii, and xiii: white slightly flattened spherical glands, with lamellae in section and visible externally, lay ventro-lateral to the elevated oesophagus.  On both sides a short duct that is a lateral outgrowth of the oesophagus extends outwards and downwards to the dorsal axis of each gland.  This vascularised, stout duct dissipates where it enters the white gland.   These calciferous glands are here interpreted as being on short-stalks rather than sessile.

Intestine origin (caeca, typhlosole):
widening through xv to reach full width in xvi (no typhlosole).

Nephridia:
paired holonephridia with long convoluted tubes and deflated, subspherical to elongate, terminal bladders, from at least V, corresponding in position to the nephropores.

Male organs:
iridescent testes and funnels ventrally in x and xi within pericardic testis sacs (strong in x more membranous in xi); a small pair of racemose seminal vesicles posteriorly on septa in ix and xi and anteriorly in xii.

Ovaries:
compact pair of glandular ovaries (individual ova not discernible) in anterior and nebulous oviducts posterior in xiii.

Prostates:
paired racemose glands, confined to xviii each with a short, ensheathed duct bent in single loop.

Spermathecae:
four pairs in vi-ix: conical ampullae connect to tapering ducts each with a single diverticulum.  No iridescence seen. 

Gut contents:
 mostly organic matter including woody (dead root) material, plus some fine and some coarser soil. 

Notes:
mucus was noted in several segments and dark bodies were sometimes seen in places such as the seminal vesicles (as for the Brookfield specimens).

Remarks:
 the immature specimens described here differ insubstantially from Fletcher's (1889) brief account of the three aclitellate type-series of H. oxleyensis apart from having approximately 25 fewer segments.   Erecting species from sub-adult specimens, although undesirable, has occurred frequently in earthworm taxonomy (eg. H. oxleyensis, H. sloanei both by Fletcher, 1889). The mature specimen is comparable to those described from other populations.


Of particular interest are the short stalks attaching the calciferous glands to the oesophagus dorsally, similar stalks were noted for H. jamiesoni.  Such structures served to diminish the differences between Heteroporodrilus and Plutellus (as formerly defined) although species of the latter genus have appreciably longer stalks to the calciferous glands (and tubular prostates).
Heteroporodrilus thompsoni sp nov.

Locality:
Lower Savages Rd. and near Gold Creek, Brookfield, Qld.  Collector: C. H. Thompson.

Habitat: 
under leaf litter and on road surface, especially after rain.  C. H. Thompson reports (pers. comm.) that it is likely these worms inhabit both euchrozem and red podsolic soils formed in shales on the lower slopes, as well as hill pans derived from these materials.   The native vegetation appears to have been rainforest grading into eucalypt woodland.

Registration No.: 
seven specimens: designated Holotype (H) and Paratypes (P1-P6).

Length: 210-270 mm (H: 210 mm, but some damage to middle area).

Mass:
21.5 g.(H)

Width, midclitellar: 
11-13 mm (H: 13 mm).

Segments: 181-235, (H: 235).  Peristomium very wrinkled, faint secondary annulation especially after clitellum. One specimen had marked dorsal furrow (ie. canaliculate) in the latter half of its body.

Colour:
unpigmented, grey in alcohol; clitellum darker pink-grey and faintly iridescent.

Prostomium: closed epilobous to pro-epilobous with definite furrow that bisects prostomium and extends to 2/3 as a groove.

First dorsal pore:
not clearly detectable in deep furrows but seen in 10/11 and 13/14 at least, and again from 17/18.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
 8 per segment, from ii, dark tipped, ab absent from xviii (mean of four specimens; 1.7:1.0:1.5:2.5:3.8:0.26).

Nephropores: 
at anterior margin of segment almost in furrow, obvious on clitellum.  The most common arrangements: ii/D, iii/D, iv/C or D, V/C, vi/C, vii/C, viii/C or D, ix/D or C, x/B, xi/D, xii/B, xiii/D, xiv/B, xv/D, xvi/B, xviii/D, xviii/B, xix/D, xx/B, xxi/D, etc.  Several specimens had irregular pore distributions to the above scheme, one had the opposite arrangement from x, another two had asymetrical alternations within a segment (ie a pore in B and one in D).   Clitellum: 
annular and tumid xiv-xvii, setae and nephropores retained often in deep dimples.

Male pores: 
in xviii in site of b setae on slightly raised porophore. 

Female pores:
on xiv variously closely paired anterio-median to aa, sometimes concealed in a lateral groove, alternatively a single pore on a slightly tumid pad anterio-median to aa setae.

Spermathecal pores:  two pairs in 7/8 and 8/9 almost hidden in furrows in B line but visible under traction as small eye-shaped stomata.

Genital Markings:
in x in all specimens: a distinct pair of circular, tumid pads occupying the longitudinal width of the segment and encompassing the ventral setal pairs.  In xviii, the  areas of the missing  ventral setal couples are  generally 

Fig. 2.20 Heteroporodrilus thompsoni (a) ventral view of H specimen showing (b) prostate and (c) spermathecae in situ, (d) dorsal view of prostomium, (e) ventral view of calciferous glands with ventral vessel cut away and (f) anterior view of calciferous glands from xiii with left-side sectioned and (g) posterior.

tumid with a mid-ventral hollow and in xix is a similar glandular area which extends as far as the limit of the ventral setae.

Septa:
4/5-7/8 moderately thickened, 8/9-12/13 becoming progressively much thicker, then, after 13/14, thinning.

Dorsal blood vessel: single continues on pharynx.

Vascularisation:
commissurals vii-ix, large hearts x-xiii.  From ix or x to xiv or xv large dorsal bladders dominate the dorsal vessels, in xv the enlarged dorsal vessel has two pairs of ventrally directed vessels which surround the oesophageal valve.  Bifurcate ventral blood vessels form a pair of hairpin loops under gizzard before moving anteriorly.

Gizzard:
large, muscular and barrel shaped in v with slight anterior rim, compressing septa 5/6 onto 6/7 and reaching as far back as vii. 

Calciferous glands:
four pairs in x-xiii, the anterior pair the smallest, as spherical, white, ventral pouches sessile on oesophagus each with numerous fine lamellae internally.  A pair of sub-oesophageal blood vessels run between the lobes of each pair of glands.

Intestine origin (caeca, typhlosole):
abrupt in xv or xvi, no typhlosole.

Nephridia:
holonephridic: with large, subspherical to elongate, flattened bladders corresponding in position with external nephropores.

Male organs:
holandric: large paired, iridescent funnels of testes free (or appearing in testis sacs in at least two specimens) in x and xi.  Seminal vesicles medium to small size, paired and racemose in ix and xii (the latter lobulated on anterior septum).  In ix white coagulum, the same texture as in seminal vesicles, frequently seen.

Ovaries:
ovaries as a small pair of egg-string tufts anteriorly in xiii and paired diaphanous oviducts on posterior ventrum.

Prostates:
confined to xviii, a pair of compact, squarish, racemose glands with short, bent duct joined entally by vasa deferentia.  In section the prostates appear solid without obvious central lumina.

Spermathecae:
two pairs in viii and ix: large bulbous but slightly deflated or deflected subspherical ampullae with fine concertina-like corrugations, attach to shortish ducts bearing several (two to six), small digiform or bi-, tri-, or multi-lobed diverticula encircling the duct near the ectal end.  Stalks (and occasionally termina) of several diverticula have lustre indicating insemination.

Gut contents:
 mostly fine reddish silt with some grits and sometimes much organic debris including woody remains.

Remarks:
this species has close affinities with the similarly large H. tryoni, also collected from this location.  It differs from H. tryoni in having one fewer pairs of calciferous glands, one fewer pairs of spermathecae, different setal ratios and in having a distinct pair of genital markings in x.  H. tryoni usually has a pair or trio of tortuous diverticula on each of its three pairs of spermathecae, often with sessile seminal chambers.  It is noteworthy that Boardman's (1932) description (for H. youngi syn. tryoni) has compound diverticula similar to those described here for H. thompsoni, but here again there are three pairs of spermathecae (even in his paratype where he reports only dissecting the first two spermathecae from segment vii and viii).


Several of these specimens were collected from the surface.  Possibly driven from their burrows by flooding, they may succumb to morning sunlight through lack of dark-pigment protection against UV radiation.  Alternatively, this species could be inclined to nocturnal/crepuscular 'wanderlust'.  In the same samples, and from other collections from the same location, were several other native species, including other heteroporodrilids, and various exotic species.

Heteroporodrilus tryoni (Fletcher, 1889).

Locality:
Adavale St. and Lower Savages Rd., Brookfield, Qld.

Habitat: 
under litter, on surface after rains and at about 30 cm depth in a deep surfaced euchrozem soil with clay-loam  surface texture (field pH 6.0).

Registration No.: 
4 specimens, three damaged.

Length:
270-300 mm.

Mass:
35.85 g (damaged but complete specimen).

Width, midclitellar: 
14-17 mm.

Segments: 
235-236.  Peristomium very wrinkled, second segment less so.  Marked dorsal furrow in latter part of body.

Colour:
pigmented dorsum: dark grey in alcohol; clitellum slightly darker with faint green tinge.

Prostomium: closed epilobous to pro-epilobous with definite furrow that bisects prostomium and extends to 2/3 as a groove.

First dorsal pore:
in 6/7 or 7/8.

Setae (on xii ratio of aa:ab:bc:cd:dd:U):
 small, 8 per segment from ii, ventral setal couples widely spaced; ventral setae absent on xviii. (mean; 2.0:1.0:1.8:3.5:4.3:0.24).

Nephropores: 
at anterior margin of segment in furrow, irregular alterations noted for two specimens: ii/DD, iii/DD, iv/DD, V/CC, vi/DB, vii/CD, viii/DC, ix/CD, x/DC, xi/CD, xii/DB, xiii/BD, xiv/DB, xv/BD, xvi/DB, xvii/BD, xviii/DB, xix/BD, xx/DB, xxi/BD this alternation continued for the remainder of the bodies  Nephropores do not open in B lines in vii, viii nor ix as these positions are occupied by the spermathecal pores. 

Clitellum: 
annular and tumid: ½xiii, xiv-xvii but interrupted ventrally on xvii by genital markings. Setae and nephropores retained.

Male pores: 
paired in xviii on small circular porophores at centre of generally tumid patch centred at site of aborted b setae. 

Female pores:
on xiv in lateral groove stretching between a setae, but just anterior to setal arc.

Spermathecal pores:  in 6/7, 7/8 and 8/9 almost hidden in furrows in B line but visible under traction as minute stomata.

Accessory Genital Markings:
in x and xi slightly raised pair of tumid pads filling the anterior aspects and just incorporating the ventral setal pairs;  in xvii a pair of sucker-like markings with the ventral setae in the lower edge; in xix a similar pair of pads although possibly slightly wider.

Septa:
5/6 and 6/7 weak but adpressed, 7/8-12/13 thick, 13/14 moderately thick, thereafter membranous.

Dorsal blood vessel: single and considerable.

Vascularisation:
commissurals vii-ix, large hearts x-xiii.

Gizzard:
moderately muscular and cone shaped in v with wider anterior rim.
Fig. 2.21 Heteroporodrilus tryoni (a) ventral view of an anteriorly damaged specimen showing (b) prostate gland and (c) spermathecae in situ; (d) enlargement of a spermathecae.

Calciferous glands:
five pairs in ix-xiii, the anterior pair the smallest, as spherical, white, ventral pouches sessile on oesophagus each with numerous fine lamellae internally. 

Intestine origin (caeca, typhlosole):
in xv, no typhlosole.

Nephridia:
holonephridia with largish, subspherical  collapsed bladders in position of external nephropores.

Male organs:
iridescent funnels of testes free in x and xi close to ventral nerve cord.  Seminal vesicles small and racemose in ix and xii.  

Ovaries:
ovaries as tufted strings in xiii with paired egg funnels on posterior ventrum.

Prostates:
confined to xviii, a pair of tongue-like racemose glands with thin, straight, non-muscular duct. 

Spermathecae:
three pairs in vii, viii and ix: constricted, bulbous ampullae narrow abruptly to ducts bearing ventrally, three medium-sized, tortuous diverticula.  The central diverticulum in each case was the most convoluted.  Iridescence was seen in all diverticula.

Gut contents:
 The same grey coagulum as was found in the body cavity reappeared in the gut.  The ingesta was mainly dead plant remains including large woody husks and small leaf skeletons.

Note: the whole of the clitellar region is invested with a thick grey coagulum internally.

Remarks: these specimens are identified as H. tryoni having five pairs of calciferous glands and three pairs of poly-diverticulate spermathecae.


The present description consolidates that of Jamieson (1970a) since the specimens here described appear to have intermediate characters within the range of the species description.  The form is intermediate to the two hetero-morphic specimens illustrated in the previous account (Jamieson, 1970a figs 5(b) and 5(c)).


H. tryoni appears closely related to, but discrete from, the sympatric H. thompsoni.   It is possible that intermediate forms with undiscovered combinations of calciferous glands and spermathecae eg. five and two pairs, or four and four pairs respectively, will eventually be found. 


Live culture samples of this species and H. thompsoni survived more than two but less than six months in large containers of soil in a constant temperature environment.

Genus Plutellus Perrier, 1873. Emended.

The generic description largely reverts to that of Jamieson (1971a), combined with features of the single Lord Howe Island species (which differs as enclosed in brackets).

Diagnosis: Small to moderately large terrestrial worms.  Prostomium tanylobous (or epilobous).  Combined pores of a pair of tubular (or "thickly tubular") prostates and male pores in xviii.  Spermathecal pores 4 or 5 pairs, the last in 8/9 in B lines (A lines). 8 setae per segment.  Holonephridic with large nephridial bladders; anterior nephropores in C or D lines and, from v-vii posteriorly, alternating from D to B lines.  Gizzard, strong in v. Last heart xii (xiii).  Four pairs of long-stalked ie. better than twice as long as broad, reniform calciferous glands in x-xiii.   Holandric.  Gymnorchous. Spermathecae monodiverticulate.

Type-species: Plutellus heteroporus Perrier, 1873 of (presumably) Australian origin in NSW.

Distribution: restricted to the central coastal region of New South Wales; Lord Howe Island.

Revised Key to 3 known Plutellus Species.

1. 
5 pairs of spermathecal pores, at anterior margins of v-ix ..........................2


4 pairs of spermathecal pores, at anterior margins of vi- ix, almost contiguous midventrally ..............................................................................P. manifestus
2.
Spermathecal pores in B lines. Last hearts in xii.....................P. heteroporus

Spermathecal pores in A lines. Last hearts in xiii...................P. hutchingsae
Species inquirendum:
Plutellus rubens (Fletcher, 1887a), from Mt. Wilson, NSW.



Cryptodrilus rubens Fletcher, 1887a.



Megascolides rubens; Beddard, 1895.



Plutellus rubens; Michaelsen, 1900.

Note: Fletcher conceded that spermathecal and nephridial pores were not visible, although four pairs of calciferous glands were recorded in x-xiii and the last heart in xii.  He went on to remark that the spermathecae and gizzard may have been overlooked for this small (55 mm) species.  This imperfect characterization has not subsequently been corroborated.
Plutellus heteroporus Perrier, 1873.


Plutellus heteroporus Perrier, 1873, p 245-268, figs.1-3.


Plutellus heteroporus; Beddard, 1895, p 487.


Plutellus heteroporus; Michaelsen, 1900, p. 174.


Plutellus heteroporus; Jamieson, 1971, p1300-1310, fig 1.

Locality and Habitat:
Two batches from B.G.M. Jamieson collection from Port Macquarie, NSW. labelled thus: "8 miles from Beechwood on Bellangry and Wilson River St. Forest Rd.  Riverine forest sloping into gully, black soil under logs and in earth.  17/July/1975.  Collectors: W Nash and R Raven."


Two specimens (mixed with species of several other native genera): one aclitellate, one posterior amputee at 16/17; both drawn and described here. "Near Cairncross State Forest, 6.4Km S of Telegraph Point turnoff by Pacific Hwy. Wet black soil in paperbark and tea tree swamp.  Collector.: W. Nash and R. Raven. 16/July/1975.  Id.: R. Raven and B.G.M. Jamieson."



Five specimens tagged PH1 - PH5.  PH1 dissected, PH2 drawn, other specimens inspected.

Body Form: l: 77-175 mm; w: 4-5 mm; segments.: 185-209;  body circular in section with secondary annulation dorsal from x and in post-clitellar segments.

Colour:
pigmentless buff in alcohol, not iridescent, clitella manilla.  Setal lines appear darker in some specimens.

Prostomium: tanylobous.

First dorsal pore:
7/8.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
especially ventral couples dark, 8 per segment from ii, a and b absent from xviii, (mean of three setal ratios, 1.7:1.0:2.3:2.1:2.9:0.2).

Nephropores: 
paired in D line 1/2, 7/8, 9/10, 11/12, 13/14, 15/16, 17/18, etc.; in C line 2/3, 3/4, 4/5, 5/6 (one specimen in 6/7 too, another specimen in 8/9 also); in B line 6/7?, 8/9, 10/11, 12/13, 14/15, 16/17, 18/19, etc. One specimen had irregular alternations, but mostly alternation between D and B in successive segments.

Clitellum: 
1/3xiii(dorsally)xiv-xvii annular, setae and nephropores retained, intersegmental furrows faint, dorsal pores occluded.

Male pores: 
pores minute in xviii on small raised porophores in B line, each within a smooth, flattened, subspherical dish that fills the segment longitudinally.

Female pores:
in xiv a minute pair widely spaced but anterio-median to a setae.

Spermathecal pores: five pairs in B lines from 4/5 - 8/9.

Accessory Genital Markings:
in one specimen, a pair of large but lowset presetal pads with darker centres between ab in x and xi extending from the setal arc to the anterior furrow.  In other specimens, these marks were not clearly defined but a  similar pair of pads were present in one in xi and, on the left side only, in xii in another.


Postsetally in xvii, a pair of ellipsoid smooth dishes between ab with translucent centres and shelving towards xviii; in xix a similar pair of marks presetally.  Ellipsoid dishes, presetal, closely paired (occasionally single) and ventral to aa also present in each specimen in some of xx-xxiv  (commonly in xx-xxii).

Septa:
4/5 membranous, 5/6-12/13 moderately thickened (especially the first three impinging rearwards), 13/14 and 14/15 thinner, then membranous. 

Dorsal blood vessel: single continues on pharynx.

Vascularisation:
vi-ix commissurals, x-xii larger hearts.

Gizzard:
thin walled but muscular in V, tubular or tapering.

Fig. 2.22 Plutellus heteroporus (a) ventral view of aclitellate specimen showing (b) tubular prostate, (c) spermathecae, (d) prostomium, (e) dorsal view of calciferous glands in situ; and (f) anterior view of calciferous glands of xiii showing long ducts beneath lateral hearts; (g) ventral view of specimen PH2; (h) ventral view of posterior amputee specimen showing spermathecae in situ (prostates lost).

Calciferous glands:
four pairs laterally in x, xi, xii and xiii; rosette or reniform with radiating lamellae attaching to the oesophagus dorso-laterally via long curved ducts, one from each gland. Ducts well supplied with blood capillaries and originate near the centre of each gland.  The glands are solid and consist of numerous internal lamellae.

Intestine origin (caeca, typhlosole):
oesophagus narrows in xiv (valve?) then widens in xv as intestine proper; in xv and xvi it is especially dilated; typhlosole and caeca not seen.

Nephridia:
holonephric from ii.   Large elongate bladders are associated with the nephropores ie. they have alternate extensions in successive segments for most of the body.

Male organs:
iridescent funnels of testes free in x and xi; racemose seminal vesicles occupy ix and xii. 

Ovaries:
paired ventrally in xiii, numerous egg strings are loosely attached to give fan-like appearance.

Prostates:
a pair of elongate and tortuous tubular prostates (internal lumen not visible) overlaying short muscular ducts (dilated near body wall) in xviii.  The prostates extend from xviii to xix (one abnormal specimen had an continuation of the gland directed forwards as far as xvi).

Spermathecae:
five pairs in v-ix: elongate ampullae taper to narrowing ducts each bearing a single clavate diverticulum on stalks almost as long as ampulla (in mature specimens the diverticular bulbs were iridescent).

Gut contents:
 colloidal dark soil with no obvious organic debris.

Remarks:
these specimens correspond with previous descriptions of the type-series of the genus Plutellus, in particular that of Jamieson 1971a.  Additional features recorded here are the first nepridiopores in D line in 1/2, new body dimensions, segmental counts, setal ratios and accessory genital markings.  Large ventral disks in x and xi developed in one specimen resemble those seen in P. manifestus (see Jamieson, 1970a, fig. 6(a)).  New illustrations are provided.


P. heteroporus has very close affinities with P. manifestus from NSW. and P. hutchingsae from Lord Howe Island, not least in having tubular prostates.  Characteristics of the genus are the alternation of nephropores and, separating it from both the allied Australian genera Heteroporodrilus and (monotypic Lord Howe Island) Paraplutellus, the possession of three to four pairs of clearly stalked calciferous glands.


Jamieson (1971b), related how two lots of specimens were mixed in the same bottle in the Paris museum where Perrier first described the types in 1873.  At about the same time, Digaster lumbricoides Perrier, 1872 was erected from specimens collected at Port Macquarie in 1846 (by M. LeSouf?).  It is significant that this locality is the same as for the P. heteroporus specimens described above.  The provenance of this 'paralectotype' material then, supports the probable type- locality as being in Australia, and in particular Port Macquarie NSW, rather than Pennsylvania, USA as was presumed by Perrier.

Genus Paraplutellus Jamieson, 1972, 1977.

Diagnosis: Holonephric with large nephridial bladders, alternating nephropores.  Gizzard absent.  A pair of sessile calciferous glands in xiii.  Combined pores of a pair of (tubular) prostates and male pores in xviii.

Type species: Paraplutellus insularis Jamison, 1972

Monotypic genus from Lord Howe Island. 

Genus Eastoniella Jamieson,1977.

Diagnosis:  Megascolecidae, Perionychini; Setae 8 per segment.  Combined male and prostatic pores a pair on xviii.  Spermathecal pores pretesticular and intersegmental.  Gizzard in viii or ix.   Calciferous glands absent.  Intestine simple.  Meronephric; pharyngeal nephridia or tufts absent; oesophageal and anterior intestinal nephridia astomate; caudally the median ventral nephridium on each side with a preseptal funnel which is at first multilipped but further posteriorly is simple; the nephridia with simple funnels enlarged as megameronephridia; enteronephry absent(?). (Holandric; metagynous).  Prostates tubular. 

Distribution: restricted to 2 species from Lord Howe Island.

Genus Hickmaniella Jamieson 1974

Monospecific: H. opisthogaster Jamieson, 1974a from Tasmania.

Genus Pinguidrilus Jamieson, 1974.

Monospecific from Tasmania: Pinguidrilus tasmanianus (Fletcher, 1887).

Genus Simsia, Jamieson, 1972.

Diagnosis: Megascolecidae, with 8 setae.  Gizzard in v. Nephridia stomate, avesiculate holonephridia except on a few anterior segments which have tufted nephridia with composite ducts (and nephropores in D line?).  Nephropores of holonephridia in single series on each side (in C or CD).  Unpaired annular, or paired sessile, (calciferous?) dilations of the oesophagus in (xiv), xv and xvi, (xvii).  Dorsal intestinal typhlosole present though sometimes rudimentary.  Spermathecae two pairs, the last in ix, each with a small sessile, internally multiloculate diverticulum.

Distribution: South-east Australia, particularly Victoria.

Type species: Notoscolex tuberculatus Fletcher, 1888 (syn. Megascolides roseus Spencer, 1892)

Key to Simsia from Jamieson, 1972b

1.
One or more midventral circular or oval papilla-like genital markings present, each restricted to one segment or adjacent parts of two segments.  Paired markings present or absent................................................................................2


Midventral unpaired genital markings absent or forming a single indefinite glandular area extending over more than two segment.  Paired markings rarely present....................................................................................................5

2.
Circular midventral genital markings present in front of and behind the male pores.  None present on xviii although a marking may occur at 18/19.  Paired markings absent or inconspicuous....................................................................3


Midventral genital marking present on xviii and possibly on various other segments as several pairs of well developed paired markings.................................4

3.
Two circular midventral genital marking, in xvii and 18/19.  Paired markings absent.............................................................................................. S. narrensis

Circular midventral markings in most of xvi-xxi................S. longwarriensis

4.
Single midventral marking in xviii. Paired markings in the vicinity of  xvii and xx............................................................................................................S. tuberculata

Genital markings in three longitudinal rows in 17/18-20/21.............. ...............................................................................................................S. multituberculata
5.
Markings in 17/18 and 18/19. Spermathecal pores median to A lines.....6


Markings weak or absent from 17/18 and 18/19. Spermathecal pores in A lines or lateral of A lines................................................................................................7

6.
Nephridia in the clitellar region discharging in C lines............ S. eucalypti

Nephridia in the clitellar region discharging between C and D...S. manni
7.
Smooth area in xvii over to xviii.  Spermathecal diverticulum multiloculate and discrete, almost hidden in duct wall.........................................................S. lucasi

Glandular area around xviii.  Spermathecal diverticulum protuberant from duct......................................................................................................................................8

8.
Tufted nephridia present in anterior segments, from ii, followed by simple holonephridia....................................................................................................................9


Tufted nephridia absent.  All nephridia simple holonephridia.............. ..............................................................S. minor (=Cryptodrilus minor Spencer, 1892)

9.
Paired genital markings at 17/18 and anterior xix....S intermedia papillata

Paired genital markings absent.................................S. intermedia intermedia
Simsia? sebastianae sp nov.
Locality:
Woodburn (Woodford?) Island, Maclean, NSW.

Habitat: 
in irrigated soil under trash from sugar cane cultivation.

Registration No.: 
one specimen, the holotype, collected 5/Aug/1992 by C.H. Thompson.

Length: 
38 mm.

Width: 
1.5 mm.

Segments:
102, much secondary annulation, especially posterior to the clitellum.

Colour:
unpigmented or light brown in alcohol with faint tinge.

Prostomium:
small, swamped by everted pharynx and barely visible: pro-epilobous or closed epilobous with dorsal furrows reaching almost to 1/2, giving tanylobous appearance.

First dorsal pore:
12/13, retained on clitellum and after.

Setae (vii/ratio of aa:ab:bc:cd:dd:C):
small, 8 per segment from ii; a (and b?) possibly absent on xviii; (4.4:1.0:1.8:1.6:12.0:0.51).

Nephropores: 
not seen (nephridia mid BC).

Clitellum: 
½xiii-xvii, raised and saddle-shaped; setae and furrows retained.

Male pores: 
on xviii, minute on small raised porophores in B lines.

Female pores:
on xiv in raised tumid band, minute anterio-median to a setae.

Spermathecal pores:
in 7/8 and 8/9 lateral in B lines as swollen ellipsoid openings.

Genital Markings:
faint, occasionally paired genital markings as small circular papillae presetal and almost in line with the spermathecal pores in viii-xiii; also in xiii two definite pairs of papillae anterio-median to each ventral seta within a generally tumid pad.  In xvii a pair of postsetal papillae in B lines and, obscuring 17/18, a large ventrally raised glandular pad that bears two outer papillae and a row of 3 slightly smaller papillae.  In 18/19 a fainter repetition of glandular area in 17/18 but with two pairs of markings.  No internal glands found associated with the genital markings.

Septa:
5/6-11/12 moderately thickened, otherwise delicate.

Dorsal blood vessel: single, continuous on pharynx in iv; ventral blood vessel bifurcates under gizzard.

Hearts:
x, xi xii and xiii, relatively large paired vessels.

Gizzard:
in vi (displaced from v?), muscular and shaped like a Phoenician ampulla with anterior rim gracefully tapering to oesophagus.

Calciferous glands or diverticula:
as vascular swellings in xv-xvi,xvii?   Typical calciferous glands not definitely seen: in xiii and xiv the oesophagus contracts and has pink colour but internally appears valvular; in xv-xvii, before reducing to accommodate the prostates, the intestine dilates and has increased dorsal vascularisation but no obvious internal lamellae (however it looks very similar to the drawing in Jamieson, 1972b Fig 3H of S. tuberculata and the description concurs).

Intestine origin (caeca, typhlosole):
xviii: almost as a continuation of the widened oesophagus from ½xv; Acaecate; no distinct typhlosole but from about xxxviii a low wide dorsal ridge is present.

Nephridia:
avesiculate holonephridia in a straight series on each side in mid BC, without obvious pre-septal stomata but simple coiled tubes closely associated with anterior septa.  Commencing from in front of clitellum and associated with the nephridia on each side are longitudinal blood vessel running from xvi to iv.  Tufted nephridia not detected anteriorly in the pharyngeal mass which extends to vi.

Testis/sperm funnels:
holandric: iridescent testis funnels in x and xi; a small pair of racemose seminal vesicle in xii (not detected in ix although viii-xi filled with coagulum).

Ovaries:
paired ventrally in xiii, palmate and compact, each consisting of several egg strings.

Prostates:
pair of convoluted S-shaped tubular prostates  with short muscular ducts, occupying all of xviii-xxi.

Spermathecae:
two pairs in viii and ix;  ampulla sub-spherical or club shaped with equally long duct from which blunt diverticulum on a short stalk branches mesially. Iridescent chambers seen in each diverticulum.

Gut contents:
much fine silt plus surprisingly large quartz grains (0.5 x 0.25 mm) and some fibrous plant material.

Notes:
Simsia has "exceptional morphological homogeneity" Jamieson (1972b).  The specimen here does not concur with the genus description except with respect to the nephridia, spermathecae (if interpreted as multiloculate) and the prostates.


Nephridial stomata were not clearly identified in this small specimen, although there was some attachment of nephridia to anterior septa; neither were dilations of the oesophagus in xv-xvi positively categorised as annular calciferous glands nor was a developed typhlosole found. Possibly this specimen is placable in Diporochaeta or another genus or it is intermediate to two genera, in which case it may deserve defining as a new Australian genus (this is unless it is an allochthonous Plutellus s lato?).  This specimen serves to demonstrate the imprecision with which some specimens lay in regard to generic definitions.


Several specimens of Eukerria saltensis, known to prefer moist habitats, were collected at the same location as the specimen described above which possibly indicates a propensity, common in small species, for similarly moist habitats. 

Genus Diporochaeta Beddard, 1890, emended Jamieson, 1976.

Diagnosis:  Setae eight or more per segment.  A pair of combined pores of tubular or tubuloracemose (rarely racemose?) prostates and male ducts in xviii.  Gizzard in v or vi.  Extramural calciferous glands absent, or rarely paired in some of x-xii (or annular in xv). Holonephric, stomate, exonephric, with or without bladders, nephropores without alternation, tufted anterior nephridia sometimes present.  Spermathecae 1-5 diverticulate pairs.

Type species: Perichaeta intermedia Beddard, 1889 from New Zealand. 

Distribution:  Australia: Qld, disjunct in NE of state only (except for residual population in Bunya Mts. National Park); the remainder of the genus is located in Tasmania, Victoria, NSW; New Zealand (India?).

A key to the Qld species is provided in Jamieson (1976a).

Note: Jamieson (1976a) reassigned Perionychella to Diporochaeta as a junior synonym and added 9 new species to the 8 previously recorded Queensland species.  This brought the generic total for Australia to 77 named species.

Diporochaeta bongeen sp. nov.
Fig. 2.40
Locality:
Bongeen in Darling Downs, Qld.

Habitat: 
in "Wako series" clay on roadside verge in association with Heteroporodrilus bongeen.

Registration No.: 
Two rather macerated aclitellate adults and one immature collected 9/April/1992 by RJB.  Holotype described, drawn and dissected.

Length: 
50 mm

Width: 
2.8 mm

Segments: 99, the first twelve segments smooth then with much secondary annulation often obscuring the true intersegments.

Colour:
unpigmented almost transparent in alcohol with faint blue tinge.

Prostomium: open epilobous.

First dorsal pore:
not detected in the first twelve segments, then not determinable due to annulations (absent?).

Setae (xii/ratio of aa:ab:bc:cd:dd:C):
minute, 8 per segment in longitudinal rows from ii; a and b not found on xviii; (2.0:1.0:2.6:1.0:4.0:0.30).

Nephropores: 
not seen (nephridia in mid-BC).

Clitellum: 
not developed.

Male pores: 
on xviii, minute on small raised porophores in B lines (by dissection).

Female pores:
on anterior annulus of xiv in raised tumid band, minute anterio-median to a setae.

Spermathecal pores:
in 7/8 and 8/9 lateral in B lines as obvious ellipsoid openings.

Genital Markings:
 two pairs of raised glandular pads with translucent centres in line with the male pores in xvii and xix; three pairs of ventral swollen papillae presetally in xviii, xix and xx, those in xix within generally tumid band extending between b setal lines.  Possibly rudimentary genital markings, midventral, in xi and xii.

Septa:
4/5/6 membranous, 6/7 weak, 7/8/9/10 moderately thickened.

Dorsal blood vessel: single, continuous on pharynx in iv. 

Hearts:
x, xi xii and xiii, the last pair much enlarged.

Gizzard:
in v, but appearing in vi since septum 5/6 if membranous and compressed near 6/7 by the spherical and muscular gizzard.

Calciferous glands or diverticula: two extramural pairs in xi and xii, pendant from very short ducts which appear to combine on each side to enter the oesophagus dors-laterally through a common opening. In section thick walled.

Intestine origin (caeca, typhlosole):
xv, no typhlosole. 

Nephridia:
avesiculate holonephridia in a straight series on each side in mid BC, without obvious pre-septal stomata.    Testis/sperm funnels:
possibly not mature but non-iridescent testis funnels seen in x and xi; seminal vesicles possibly rudimentary in ix and xii.

Ovaries:
paired ventrally in xiii, palmate and compact, but egg strings not seen.

Prostates:
a pair of convoluted S-shaped tubular prostates between xviii and xix, overlying long thin muscular ducts that are bent once.  Vas deferens attach where duct joins gland.  Penial setal sheath near where duct enters body wall. 

Spermathecae:
two pairs in viii and ix;  ampulla sub-spherical or club shaped sharply demarcated from equally long ducts each bearing a pair of opposed digiform diverticula (not iridescent).

Gut contents:
mainly full of soil.

Remarks:
although poorly preserved and probably not fully mature, these specimens are placable in the genus Diporochaeta, as presently defined, and are characterised as having "extramural calciferous glands in x and xi or xi and xii", "avesiculate holonephridia in a straight series", and "diverticulate spermathecae".


The range of this genus in Queensland has previously been found to be disjunct: occurring in the northeast with the exception of an isolated species, D. bunya in the Bunya Mountains of the southeast (Jamieson, 1976a).  The specimen described above is closely related, morphologically and geographically (by approx. 80 Km) to D. bunya, and is similar in body form and in being bidiverticulate.   However, the genital markings differ, the prostatic ducts are more elongate and the setal ratios are close but do not concur (cf. D. bunya holotype setal ratio: 2.3:1.0:2.2:1.8:4.0:0.25).  On the basis of these differences from its closest congener, D. bongeen is named and is significant in that it represents a population of Diporochaeta in southeast Queensland that is not confined to the refugium of the Bunya Mountains National Park, but is surviving (albeit in pockets) in the cultivated Darling Downs.


There is some argument for removing D. bunya, and now D. bongeen from Diporochaeta since these two species are atypical for the group by being wholly lumbricine, in having calciferous glands in xi and xii and in being bidiverticulate, in addition to their restricted geographic distribution.  Such a decision is not formalised in a publication such as this thesis and is deferred although the issue is raised in relation to the "informal" designation of a new genus, Sebastianus (see later).
Sebastianus angus gen. et sp. nov.
Fig. 2.39
Locality:
Ban Ban Springs, Gayndah.

Habitat: 
in creekbank in sandy soil although possibly in a clay pocket.

Registration No.: 
Three rather macerated adults (specimens H, P1 and P2) and one sub-adult collected 12/July/1991 by RJB.  Holotype (H) sectioned, biometric data from Paratypes, all specimens had been preserved in alcohol and were transferred to formalin before inspection.

Behaviour:
rapidly contracts if touched and ejects clear coelomic fluid, often the anterior forms a pointed probe and curls back laterally when roving.

Length: 
35-40 mm.

Width: 
1.5 mm.

Mass:
0.05 g.

Segments: 86-90,  circular and fairly smooth throughout, anterior forms a bulb.

Colour:
whitish in life with pink anterior and orangy/pink clitellum, unpigmented mostly transparent in alcohol with faint blue tinge.

Prostomium: open epilobous (appears closed if forced back by pharynx eversion on preservation).

First dorsal pore:
7/8/9? or 11/12 not clear and not visible over clitellum, seen dorsally.

Setae (xii/ratio of aa:ab:bc:cd:dd:C):
minute, 8 per segment in longitudinal rows from ii; a and b modified as long sigmoid penial setae on xviii; (2.3:1.0:2.2:1.2:5.5:0.33).

Nephropores: 
not seen lateral? (nephridia in mid-BC).

Clitellum: 
xiv-xviii, weakly tumid.

Male pores: 
on small tumid mounds on xviii, small slits coincident to the tips of paired penial setae in line AB. 

Female pores:
pair anterior to a setae on xiv.

Spermathecal pores:
in 7/8 and 8/9 close to A lines with raised tumid posterior borders.

Genital Markings:
 faint paired markings between ventral setal couples in viii,ix-xi; a large tumid pad distending ventral aspect of xvii and encompassing 17/18 containing two lateral rows of small translucent discs: a series of four or five upper and five or six lower; a similar ventral pad below male pores in 18/19 with four discs and, in two specimens, a faint pad in 20/21 with five discs.  The tumid pads may form depressions with raised borders on preservation.

Septa:
4/5 membranous, 5/6 weak and displaced by gizzard, 6/7-13/14 none especially thick, then thinning.

Dorsal blood vessel: single, continuous on pharynx in iv. 

Hearts:
commissurals in vi-ix, larger hearts in x, xi xii , no heart in xiii but dorsal blood vessel distended.

Gizzard:
in v, weakly muscular but flattened.

Calciferous glands: two extramural pairs in xi and xii, ventrally pendant as subspherical glands, with about ten lamellae, terminal on long curved ducts which enter oesophagus laterally. The oesophagus in this region has internal rugae.

Intestine origin (caeca, typhlosole):
intestine appears to commence from xiv, possibly xv,and maintains same width through clitellar region.  No typhlosole found. 

Nephridia:
avesiculate holonephridia in a straight series on each side in mid-BC, without obvious pre-septal stomata.    Testis/sperm funnels:
small non-iridescent sacs seen on septa in x and xi; seminal vesicles in ix and xii.

Ovaries:
paired ventrally in xiii, palmate with relatively large ova.

Prostates:
a pair of elongate tubular prostates originate as thin flaccid ducts in xviii and pass dorsally to xxi,xxii.  Large, gracefully curved penial setae overlay ducts.

Spermathecae:
two pairs in viii and ix;  blunt, ampulla are white and terminal on stout ducts which have a single long-stalked diverticulum branching mid-length.  Iridescence not noted.

Gut contents:
fine red/yellow soil.

Remarks:
This species, along with Diporochaeta bunya and D. bongeen, appear to form a close assemblage characterised thus: Small worms (generally about 50 mm long with less than 100 segments); pigmentless; prostomium not tanylobous; lumbricine; male pore combined with pore of tubular prostates on xviii, with or without penial setae; genital markings in the vicinity of the male pores and often further anteriorly too; holandric;  holonephric without terminal bladders; gizzard weak or muscular in v; extramural calciferous glands, possibly with long ducts, in xi and xii; intestine commencing around xv; last hearts in xii or xiii; spermathecae two pairs with single or paired digiform diverticula. 


This may form the basis of a definition of the new genus  Sebastianus which is presently restricted to south-east Queensland and one species: Sebastianus banban.


The type locality, Gayndah, is remarkable for the numbers of type species of genera found there.   Subsequent trips to collect better specimens, were often thwarted by drought.  However in February 1992, several more specimens (four matures and four subadults) were located which concur with the above description and are designated paralectotypes.   These specimens were found in association with native Digaster spp., Spenceriella spp. and exotic Aporrectodea species.

Genus Graliophilus Jamieson, 1971.

Diagnosis:  Combined male and prostatic pores a pair on xviii.  Lumbricine.  Nephridia exonephric, stomate, avesiculate holonephridia forming a single series on each side discharging in C or D line or above.  Occasionally with coiled or tufted nephridia in anterior segments.  Calciferous glands present or absent.  Spermathecae with simple single or double diverticula.

Distribution: Western Australia. 

Type-species: Graliophilus georgei Jamieson, 1971e from mud at mouth of Mammoth Cave, southern WA. 

Notes:  Graliophilus would formerly have been assigned to Plutellus s. lato. and consists of about a dozen described WA species.  Refer to  Jamieson (1971e) for a species list.  Jamieson (1976a) considers that the close affinities with Diporochaeta may make Graliophilus a junior synonym of this large eastern Australian and New Zealand genus. 

Genus Cryptodrilus Fletcher, 1886, emend. Jamieson, 1972.

Diagnosis:  A pair of combined male and prostatic pores on xviii or its homeotic equivalent.  Setae 8 per segment.  Nephridia vesiculate meronephridia, the bladders 6 or more in a segment in some or most segments; (with or without anterior tufts; medianmost nephridium stomate in at least some species). Typhlosole usually absent.  Prostates tubular to racemose.

Distribution:  SE Australia: Tas., Vict., NSW.

Type species:  Cryptodrilus rusticus Fletcher, 1887 from NSW. 

Notes: Jamieson (1972c) provides a key and Jamieson (1974a) lists about a dozen member species.


The inclusion in the above diagnosis of tubular to racemose prostates suggests that, as with Plutellus and Heteroporodrilus in this thesis, this genus should be redefined and some species may warrant placing elsewhere.  As no material of the genus, as currently defined, were located in this study such an action is not attempted. 

Genus Pericryptodrilus Jamieson, 1977.

Diagnosis: Small worms < 32 mm long and < 123 segments.  Perichaetine.  Combined male and prostatic pores a pair on xviii.  Spermathecal pores in 7/8 and 8/9.  Gizzard rudimentary in v.  Calciferous glands absent.  Intestine lacking caeca or typhlosole.  Meronephric without pharyngeal tufted nephridia.  Nephridia each with a bladder in 2 or 3 longitudinal rows on each side, those of the intermediate series in the latter instance with preseptal stomata. Holandric.  Metagynous. Prostates tubular. Spermathecae diverticulate.

Distribution: Lord Howe Island; Cooloola sand mass, Qld.

Monospecific: Pericryptodrilus nanus Jamieson, 1977.

Genus Pseudocryptodrilus Jamieson, 1972.

Diagnosis:  A pair of combined male and prostatic pores on xviii.  Lumbricine setae.  Spermathecal pores 2 pairs, in 7/8 and 8/9.  Gizzard strong in v.  Calciferous glands absent.   Nephridia 2 or 3 on each side, except caudally, where there is a single pair of holonephridia in each segment.  Prostatic glands tubular or tubulo-racemose.  Spermathecae diverticulate.  

Distribution:  Tas., Vict., south-east SA.

Type species: Megascolides diaphanus Spencer, 1900 from near to Ebenezer Mission Station, Mallee District, Vict. close to River Wimmera.


Two species are listed in Jamieson (1974a): 

1. P. acanthodriloides Jamieson, 1974 from Great Lake, Tas.

2. P. diaphanus (Spencer, 1900) from Dimboola Vict.

Genus Pseudoperichaeta Jamieson, 1970.

Diagnosis: Moderated sized worms with less than 200 segments.  Tanylobous. First dorsal pores in or before 4/5.  Lumbricine. Nephropores in a single series.  Combined male and prostatic pores in xviii.  Genital markings in the vicinity of the male pores.   Spermathecal pores 4 pairs, the last in 8/9.


Gizzard in v.  Extramural calciferous glands absent.  Intestine commencing from xix.  Last hearts in xii.   Holonephric (stomate and avesiculate) with the exception of the first pair which are tufted meronephridia.  Holandric.  Seminal vesicles in ix and xii.   Prostates racemose.  Spermathecae diverticulate. 

Distribution: the Yarra Basin, Vict.

Type-species: Cryptodrilus smithi Fletcher, 1889 (= Megascolides punctatus Spencer, 1900).

Monotypic: known only from the type species. 

Genus Fletcherodrilus Michaelsen, 1891, emended.

Diagnosis: 
Medium to large terrestrial worms (85-380 mm) with usually less than 200 segments.   Strong red to black pigmentation.  First dorsal pore 4/5 or 5/6.  Setae generally lumbricine (8 per segment) although (F. unicus) the dorsal series may be irregular caudally and there may be additional setae in some segments, or perichaetine F. sigillatus).   Nephropores generally in D lines or (F. sigillatus) in a sinuous line.  Clitellum annular from xiii or xiv but interrupted by male field where it impinges.  Male and prostatic pores combined and midventral on xviii, often terminating in an eversible penis.  Accessory genital markings absent or present as depressions.  Female pores anteromedian to setae a of xiv.   Spermathecal pores, 3 (F. sigillatus) or 5 unpaired, midventral, the last in 8/9. 


Gizzard well developed in vi or vii/viii.  Calciferous glands lateral, sessile pouches in some of xiii-xv.  Intestine commences in xviii; typhlosole and caeca absent.   Dorsal blood vessel continuous onto pharynx.  Last hearts in xii, those in x-xii latero-oesophageal.  Nephridia stomate vesiculate holonephridia which often have a diverticulum on terminal bladders. Testes and funnels free in x and xi. Seminal vesicles variable: often 4 pairs in ix-xii or 2 pairs in xi and xii.  Ovaries and funnels in xiii, ovisacs generally absent.   Prostates thickly tubular.  Spermathecae unpaired, duct shorter than the ampulla and bearing ectally two digiform diverticula, one of which usually passes under the ventral nerve cord.

Distribution: From NSW to Cape York Peninsula, Qld, particularly under litter in rain forests, in river catchments (and krasnozems?).


The wide range of this genus may be partly explained by its passage downstream from river catchments, particularly the distributions of F. unicus and F. faciatus may be attributed in part to this process.  Specimens found on Percy Island 80 Km off the Queensland coast between Rockhampton and Mackay, were possibly the result of transportation, alternatively colonisation occurred when lower sea levels formed land bridges.   Nocturnal wanderings on the surface, noted here for F. unicus may also aid distribution of this species.

Type Species: Cryptodrilus (?) unicus Fletcher, 1889

Key to Known species of Fletcherodrilus:

1. 
Setae 8 to 10 per segment ...................................................................................2


Setae >> 10 per segment .................................................................F. sigillatus
2.
Size <200 mm .......................................................................................................3


Size >>200 mm ..........................................................................F. unicus major
3.
Body uniformly pigmented though paler ventrally.   Gizzard in vi.  Calciferous pouches in xiii-xv ............................................................................F. unicus

Body with transverse pigmented black and white segmental stripes.   Gizzard in vii/viii.   Calciferous pouches in xii-xiv......................................F. faciatus
Species dubius: Plutellus affinis Stephenson, 1933.

Fletcherodrilus differs from Diporochaeta mainly by having unpaired, ie. midventral, genital pores, yet in species such as Diporochaeta atavia (Michaelsen, 1916) the genital pores although paired are converging.  Some other genera share this character for unpaired pores eg. Megascolex leucocyclus and Comadrilus gravelyi both from Sri Lanka and Spenceriella imparicystis from Australia.


There are many similarities between F. unicus and F. fasciatus and they were at one time synonymised (Michaelsen, 1900).  Jamieson (1971c) reinstated F. fasciatus on material from Lamington National Park which differed from F. unicus in having the gizzard more posteriorly situated, not having calciferous glands in xv, and having four pairs of seminal vesicles rather than two pairs and, finally, in being distinctly black and white striped rather than claret red as is F. unicus.  The numbers of seminal vesicles is here found to be a non-specific character (cf. Jamieson and Wampler, 1979), variability being common to by both species.


Stephenson's (1933) Plutellus affinis from Brisbane is here considered to be species dubium (cf. Jamieson and Wampler, 1979) as it differs from F. unicus specimens, collected in and around Brisbane during this study, primarily in being described as having a single diverticulum to the spermathecae.  Stephenson's account notes that his single specimen was probably sub-adult and not fully mature (testis and funnels "small..and were probably not functional"), so possibly the spermathecal diverticula were not fully developed.   He also states that the "diverticulum..must join the duct of the ampulla within the body-wall" suggesting to me that it was not completely dissected out.  Furthermore, because one diverticulum of the pair usually passes under the ventral nerve cord in F. unicus, it is very easily broken off and therefore missed (vide Stephenson, 1933, Text-figure 5).  Apart from this single consideration, and that no specimens have subsequently been found with a single diverticulum, the affinity of Stephenson's description with that of F. unicus leaves little doubt of conspecificity.   From the same location as the specimens of F. unicus described below were found specimens of Heteroporodrilus oxleyensis, considered in this thesis to be a senior synonym of H. ashworthi (Stephenson, 1933) coincidently collected by a Mr J.H. Ashworth who, on the same date, 3/Sept/1914 (and from the same location in "Brisbane"?) collected Stephenson's F. affinis.
Fletcherodrilus fasciatus  (Fletcher, 1890)


Cryptodrilus (?) fasciatus Fletcher, 1890


Fletcherodrilus unicus var. fasciatus; Michaelsen, 1891


Fletcherodrilus unicus fasciatus; Michaelsen, 1900


Fletcherodrilus fasciatus; Jamieson, 1971


Fletcherodrilus fasciatus; Jamieson and Wampler, 1977

Distribution:  NSW: type species from Richmond River District; Qld: Lamington National Park.

Locality:  Brisbane region?

Registration No.: 
an unlabelled donation to the laboratory.

Behaviour: 
luminescent (Jamieson and Wampler, 1979).

Length: 200 mm.

Width: 
13 mm.

Segments: stout body circular in section, presetally biannulate especially after clitellum.

Colour:
dark almost black segments with pale intersegments especially on dorsum and after clitellum, giving a banded appearance. Dark dorsal line from segment i.  Clitellum buff.

Prostomium: closed epilobous with a faint ventral cleft.

Fig. 2.23 Fletcherodrilus fasciatus (a) ventral view with (b) left side prostate and (c) central spermathecae in situ and (d) prostomium.

First dorsal pore:
4/5?, 5/6 (continuous on clitellum).

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii in regular series,  a and b setae absent from xviii. (1.7:1.0:1.7:3.7:13.3:0.48).

Nephropores: 
at anterior margin of segments in D line.

Clitellum: 
½xiii-½xviii annular but interrupted ventrally by male field, setae and nephropores retained.

Male pores: 
in xviii single, central and minute on equatorial mound within depressed circular area.

Female pores: paired anterior to a setae.

Spermathecal pores: 4/5-8/9 five single midventral pores.

Genital Markings:
none.

Septa:
4/5-7/8 thin, from 8/9 thickening but not excessively to 13/14, then thinning to become membranous.

Dorsal blood vessel: single continues on pharynx in iv.

Hearts:
commissurals from vii, hearts in x-xii.

Gizzard:
large muscular barrel-shaped gizzard after septum 6/7 with 7/8 meeting it in the midriff and contained by 8/9 (ie. in vii and viii).

Calciferous glands:
in three segments: the posterior half of xii, all of xiii and xiv as vascularised oesophageal pouches.

Intestine origin (caeca, typhlosole):
widens in xviii (caeca and typhlosole wanting).

Nephridia:
holonephric with large, elongate, diverticulate bladders in line with the nephropores.

Testis/sperm funnels:
iridescent testis and funnels not found but there are a pair of small ventral (testis?) sacs in x and xi; seminal vesicles a small posterior pair in x, a large anterior pair in xi and, in xii, filling the segment.

Ovaries:
in xiii, paired tufts of oocytes ventrally; on the anterior septum are a pair of pseudovesicles. 

Prostates:
prostates thickly tubular and coiled in xviii, each with a short widening duct enters the body wall.

Spermathecae:
five, ventrally placed under nerve cord, each with large elongate ampulla and paired tortuous diverticula (inseminated).

Gut contents:
 full of (red) soil and woody organic matter.

Notes:
this specimen is identified as F. fasciatus because the gizzard is in vii/viii rather than vi as in F. unicus, the worm has a banded appearance and the setae are in regular series.  The above description differs from Jamieson and Wampler (1979) only slightly but principally in the seminal vesicles not being found in ix and there being an extra calciferous glands in xii.  Collection details were not available for this specimen but previously this species was recorded from the Lamington National Park area of south-east Queensland.

Fletcherodrilus unicus  (Fletcher, 1889).


Cryptodrilus (?) unicus, Fletcher, 1889, 1890.


Cryptodrilus purpureus, Michaelsen, 1889.


Fletcherodrilus unicus typicus Michaelsen, 1891, 1900.


Fletcherodrilus unicus var. purpureus Michaelsen, 1891.


Fletcherodrilus unicus, Fl., var major, Spencer, 1900.


Plutellus (Plutellus) unicus f. typica Michaelsen, 1916.


?Fletcherodrilus unicus var. pelewensis Michaelsen, 1891.


Fletcherodrilus unicus, Jamieson, 1971.

Distribution: NSW: type species from Narrabri and Coonabarabran;  Lake Cudgellico, Lachlan River.  Qld: Gayndah; Peak Down Station, Miriam Vale; Percy Island; Christmas Creek; Blackall Range; Collosseum; Glen Lamington; Lamington National Park; Noosa; Bunya Mountains National Park; Ravensbourne National Park; Numinbah Valley;  Cape York?.

Locality:
Ambrose, Brookfield, Byfield, Kingaroy, Narayen (all new records in Qld.), Brian Pastures, Gayndah.

Habitat: 
in rainforest, garden and pasture soil especially when moist; krasnozem soils; under planks of wood on soil surface; in "fowlhouse, Byfield".

Registration No.: 
numerous specimens collected by author and by C.H. Thompson from Brookfield.

Length: 65-125 mm.

Width: 
4.8-6 mm.

Segments: 118-149.

Colour:
deep brick red especially anterior dorsum, with green iridescence and prominent line mid-dorsally; beige ventrum, clitellum variously lighter or darker claret.  The body is frequently conspicuously flattened dors-ventrally and the anterior characteristically tapers from peristomium to the clitellum.

Behaviour: violent lashing escape response and ejects (luminescent?) yellow coelomic fluid far into the air if agitated.  Very difficult to contain since it easily escapes and wanders at night; often found resting on soil surface under wood or stones where this species produces piles of distinctive pellet-like casts.

Prostomium: wide open epilobous but with a central cleft that has perpendicular termination in the mid-dorsum of segment i which may give the appearance of a closing furrow.  Faint mid-dorsal groove.

First dorsal pore:
4/5-5/6.

Setae (xii/ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, a setae may be absent (or modified) on xviii, lateral setal couples cd more widely spaced than ab (2:1:2:2:8:0.5).

Nephropores: 
at anterior margin near intersegmental furrow in D line.

Clitellum: 
 annular, xiv-xvii,½xviii, setae and nephropores retained.

Male pores: 
in xviii single, central in setal arc in target-like dish with two concentric rings or in a laterally widened mid-ventral version of this glandular protuberance. Small knob-like penis may be everted.

Female pores:
variously a single cental pore anterio-median of AA or single on one side only immediately in front of a.

Spermathecal pores: 4/5-8/9 five single midventral pores with ellipsoid lips.

Genital Markings:
none.

Septa:
5/6-7/8 weak, 8/9,9/10/11/12 strong, from 12/13 weaker.

Dorsal blood vessel: single continues on pharynx in iv or v.

Hearts:
last heart in xii.

Gizzard:
large muscular barrel-shaped gizzard in vi displacing septa from 6/7-8/9 and overlying the spermathecae.

Calciferous glands or diverticula:
sessile calciferous glands on each side of oesophagus in xiii-xv.

Fig. 2.24 Fletcherodrilus unicus Narayen specimens (a) ventral view with (b) left hand prostate (c) spermathecae in situ; (d) prostomium (e) posterior.

Intestine origin (caeca, typhlosole):
widens in xviii; Acaecate;  atyphlosolate.

Nephridia:
holonephric with large elongate bladders in line with nephropores, a clearly defined diverticulum can be seen on some bladders.

Testis/sperm funnels:
testis in x and xi, paired seminal vesicles in ix-xii, those of x and xi the largest filling the segments and meeting to appear combined dorsally. 

Ovaries:
in xiii, appear compact and saccular attached to anterior septum.

Prostates:
from thick muscular duct with attached vas deferens, the large tubular prostates "zig-zag" through several segments or are confined to xviii.

Spermathecae:
five ventrally placed under nerve cord and, although the paired diverticula may be consistently opposed, the large sub-spherical ampullae irregularly or regularly alternate appearing on one or other side under gizzard (note: the long thin paired stalks of the diverticula are easily detached when spermathecae are removed).  Iridescence was seen along the whole length of the stalks of the diverticula.

Gut contents:
 full of (red) soil, no discrete organic matter observed suggesting a geophagous diet.

Notes:
found in garden soil in Kingaroy and, in the same district, in pasture under a large tree where domestic water drained.  They were in fairly high density and in association with approximately equal numbers of Aporrectodea trapezoides (in an hour three people collected about 200 of each species).  At Narayen, the worms were found under planks besides barns where drainage water collected and were resting on the surface amidst profuse pellet-like casts.  From Brookfield, they were abundant under rainforest litter.  At Byfield near Rockhampton they were collected in "old garden beds under bananas and in a fowlhouse".  Here F. unicus was in association with both Pontoscolex corethrurus and Amynthas rodericensis (sample contained 12:11:6 specimens, respectively) and both matures to immatures of these three species were obtained.  Often only the tails of the larger specimens (identified as belonging to F. unicus by coloration and characteristic irregularity of caudal setal series) were obtained by digging as they escaped rapidly to depth.  At DPI Brian Pastures, F. unicus was associated with the native Digaster brunneus.


Their wide distribution and relatively high density in a variety of habitats along with their obvious ability to survive periodic drying out and flooding of the soils, cultivation, as well as competition from introduced temperate and tropical earthworms, suggests that they are adapted opportunists.

The morphological affinity between this species and F. affinis (Stephenson, 1933) convince me of conspecificity.  The single, probably sub-adult, specimen described by Stephenson was collected from the Brisbane region (same location as "Woodwardiella ashworthi" Stephenson, 1933 (now in Heteroporodrilus oxleyensis) and has the same irregularity in setal series.  Differences are that the specimens here has occasional more than eight setae in posterior segments, have calciferous glands ventrolaterally (not both dorsally and ventrally (Stephenson, 1933)) and, especially disparate, are the prostates and spermathecae which are much more developed here.   F. affinis is described as having a prostates confined to xviii and a single tubular diverticulum on each spermathecae that is shorter than the ampulla, this contrasts strongly with those described here.   To my knowledge, no further material of F. affinis has been recorded since 1933 to compare with the original description and it is the contention here that it is synonymous with F. unicus.


In glasshouse trials, this worm was found to readily escape from pots and to wander at night (one specimen was found on a morning on the floor about 10 m from its container).  However a positive influence on plant growth was detected and the soil structure was ameliorated by burrowing and production of surface casts.  It has been introduced to pasture at Kingaroy in an attempt to increase yield by natural processes.

   This native worm may be well worth further investigation especially into its requirements for breeding and its relationships with Australian soils and soil fertility and for its potential for organic matter recycling.
Fletcherodrilus unicus major (Spencer, 1900).

Locality:
Callide Creek, Biloela (new record for Qld.).

Habitat: 
alluvial soil in riverbank.

Registration No.: 
Two specimens: collected 20/March/1972 and observed alive before anaesthetising and preserving in formalin; one was damaged in the middle, one was a posterior amputee but of the same dimensions in the anterior.  Biometric data is from the most complete worm, both worms were dissected.

Behaviour: large sluggish worms, bleed copiously if cut.
Length: 
380 mm.

Width: 
12 mm.

Mass:
21.9 g.

Segments: after about x, segments biannulate presetally.

Colour:
Deep claret red especially anterior dorsum, with dark dorsal line from segment i; beige ventrum and intersegments; clitellum orangy.

Prostomium: wide open epilobous but with a central cleft that has perpendicular termination in the mid dorsum of segment i that may give the appearance of a closing furrow. Fine dorsal groove to 2/3 and on other segments more posteriorly.

First dorsal pore:
5/6 (faint on clitellum).

Setae (ratio of aa:ab:bc:cd:dd:U):
8 per segment from ii, a and b setae absent from xviii, lateral setal couples cd widely spaced and having irregular series posteriorly. (2:1:1:2:15:0.6).

Nephropores: 
in D line.

Clitellum: 
½xiii-½xviii annular, setae and nephropores retained.

Male pores: 
in xviii single, central on small bulbous penis in setal arc within target-like glandular dish with two concentric rings and small radial lines.

Female pores: paired anterior to a setae.

Spermathecal pores: 4/5-8/9 five single midventral pores with ellipsoid lips.

Genital Markings:
none.

Septa:
5/6-8/9 weak, 9/10 medium and 10/11-14/15 strong.

Dorsal blood vessel: single continues on pharynx in iv.

Hearts:
commissurals in (vi) vii-ix, hearts large in x-xii.

Fig. 2.25  Fletcherodrilus unicus major from Biloela (a)ventral view, (b) left hand prostate (c) a spermatheca and (d) prostomium.

Gizzard:
large muscular barrel-shaped gizzard in vi displaced dorsally to viii and preceded by thick folded pharynx.

Calciferous glands or diverticula:
sessile calciferous glands on each side of oesophagus in xiii, xiv and xv, the latter smaller and more annular.

Intestine origin (caeca, typhlosole):
widens in xviii (caeca and typhlosole wanting).

Nephridia:
holonephric with large bladders in line with the nephropores.

Testis/sperm funnels:
iridescent testis and funnels in x and xi; seminal vesicles small pairs in ix and x and large racemose pairs filling xi and xii.

Ovaries:
in xiii, fan-shaped.

Prostates:
on each side a muscular duct is joined by the vas deferens, the large tubular gland "zig-zags" to the dorsum but is confined to xviii.

Spermathecae:
five ventrally placed under nerve cord and although the paired diverticula may be consistently opposed, the large sub-spherical ampullae irregularly or regularly alternate appearing on one or other side (note: the long thin paired stalks of the diverticula are easily detached when spermathecae are removed).  Iridescence was seen along the length of the  stalks of the diverticula.

Gut contents:
 full of (red) soil and no discrete organic matter observed suggesting a geophagous diet.

Notes:
Spencer (1900, p 44) reported finding several normal size (ie. ca. 180 mm) F. unicus under bark and logs at Gayndah, Qld.  However he dug at the base of "Sterculia trees" and, at about 1 m depth, found coiled in an enlargement of the burrow, much larger forms (about 600 mm long) of the same species which he distinguished as a separate variety (F. unicus major).  Spencer did not give a description of these larger forms but stated that they were identical in structure to F. unicus, being distinguished by size and method of burrowing.  Such varieties are invalid under the rules of zoological nomenclature although subspecies are permitted, should it be found, for example that populations are not interbreeding.  To attain such a large size the worms are presumably several years old, although smaller sized specimens of F. unicus achieve maturity and are clitellate, whether they can interbreed is at present unknown, but is unlikely.  No reports of cultures of F. unicus have been found that would confirm whether or not they matured into these giant forms. 


The large worms described here were dug from the side of a river bed at Biloela and are known to the local fishermen as "blood worms".  They achieve considerable size (fishermen report over 600 mm) and bleed profusely if injured.


Genus Pontodrilus - littoral, not part of this study (see Jamieson and Wampler, 1979 for bioluminescence of P. bermudensis).

Genus Woodwardiella Stephenson, 1925.

Type species: Woodwardia callichaeta Michaelsen, 1907 from south W.A.

(See Jamieson, 1970a and 1971e for description of the half dozen WA, Tas. and Vic. species).

Genus Austrohoplochaetella Jamieson, 1971.

Diagnosis: Combined male and prostatic pores a pair on xviii.  Lumbricine. Ventral setal couples closely paired, dorsal setal couples more widely paired.  Meronephric, pharyngeal tufts present anteriorly, avesiculate exonephric (astomate?).  Gizzard in v. Calciferous glands absent.  Intestine from xviii, typhlosole present.   Prostates tubular.   Spermathecae with extramural diverticula. 

Distribution: Western subregion, W.A.

Monotypic: Austrohoplochaetella kendricki Jamieson, 1971 from a cave in Cape Range.

Genus Notoscolex Fletcher, 1886/7.

Diagnosis: 8 setae per segment. Prostates 1 pair with branched system of ducts, racemose or appearing tubular, pores combined with male pores on xviii.  Spermathecal pores 1-3 pairs, the last in (7/8 or) 8/9.  Female pore paired (or unpaired).  Clitellum over 3-10 segments.  Gizzard in v or vi. Meronephric. 

Type species:  Notoscolex camdenensis Fletcher, 1887 from Burrawang, Camden, NSW.

Distribution:  Notoscolex has representative species in Australia, NZ, South India and Sri Lanka.  In Australia only 4 species are congeneric with the type species (Dyne, 1984) and these are endemic to ?WA, NSW and Qld:

Notoscolex attenuatus Boardman, 1931 from Ulladulla, NSW.

Notoscolex brancasteriensis Michaelsen, 1910 from Brancaster, ?WA. 

Notoscolex camdenensis Fletcher, 1886 from Burrawang, NSW. Notoscolex queenslandica (Spencer, 1900)

Cryptodrilus queenslandica Spencer, 1900 from 'near Maryborough, Queensland'. 

Notoscolex queenslandicus Buchanan, 1910

Note: Dyne, 1984 found that lectotypes of the this were actually identical to Digaster keasti Jamieson, 1977 although this conflicts with Spencer's description (ie. only one gizzard in v, calciferous glands in xiii).

Cryptodrilus rusticus (Fletcher, 1886) (the type species of Cryptodrilus)


Notoscolex rusticus Michaelsen, 1900


Notoscolex ulladullae Boardman, 1931


Notoscolex victoriensis (Spencer, 1892)


Megascolides victoriensis Spencer, 1892


Cryptodrilus victoriensis; Beddard, 1895


Notoscolex victoriensis; Michaelsen 1900

N. illawarrae and N. pygmaeus (Fletcher, 1889) both from Mt. Kembla noted by Michaelsen (1900) and Jamieson (1971c), the former now in Oreoscolex (Jamieson, 1975a).


38 species are listed in Jamieson (1971c),(see Jamieson, 1971c and 1972d)

Genus Pseudonotoscolex Jamieson, 1971.

Diagnosis: Combined male and prostatic pores a pair on xviii.  Lumbricine.  Meronephric, pharyngeal tufts present anteriorly, megameronephridia through most of the rest of the body, avesiculate exonephric (astomate?).  Gizzard in v. Calciferous glands absent.  Intestine from xviii, typhlosole present.   Prostates tubular.   Spermathecae with extramural diverticula.
Distribution: Western subregion, WA.

Monotypic-species: Pseudonotoscolex pallinupensis Jamieson, 1971 from Pallinup River, WA.

Genus Oreoscolex Jamieson, 1973.

Diagnosis from Dyne, 1984: Setae 8 per segment.  Male pores and racemose or tubuloracemose prostate pores combined on xviii.  Gizzard strong in v or vi.  Extramural calciferous glands and typhlosole present or absent.  Meronephric, anterior nephridia astomate, avesiculate, exonephric or enteronephridic and usually tufted.   Caudal nephridia with numerous preseptal funnel son each side in each segment.   Spermathecae in 2-4 pairs, paired or median; diverticulate. 

Distribution: Eastern subregion of Australia: NSW, Victoria (one species: ) and Tasmania.

Type-species: Oreoscolex imparicystis Jamieson, 1973 from Mt Kosciusko, NSW.

Note: Several of the species in Oreoscolex have already been transferred from Notoscolex from which it is differentiated by multiple caudal nephrostomes. The eastern Australian Oreoscolex differs from the more southerly Gemascolex only by the latter having enteronephry and being perichaetine.  Jamieson (1975a) gives a key to NSW and Tasmanian species.

Genus Gemascolex Edmonds and Jamieson, 1973.

Diagnosis: Perichaetine.  A combined pair of male and prostatic pores on xviii.  Spermathecal pores 2-4 pairs, before 8/9.  Gizzard robust, in v or vi.   Calciferous glands lacking.   Meronephric, caudally with enteronephric nephridia each with preseptal funnel.  Tufted nephridia present in pharyngeal region.  Holandric.  Spermathecae unidiverticulate.
Type species: Gemascolex newmani Edmonds and Jamieson, 1973

Distribution: S.A., western Victoria.

Dyne (1984) provides a key to this genus which is confined to the southern states of Australia: SA, Vic., NSW.

Genus Spenceriella Michaelsen, 1907. Emended Jamieson, 1972, 1977 and 1979, here amended to accommodate new species.

Diagnosis: (Perichaetine) A pair of combined male and prostatic pores in segment xviii.  Spermathecal pores intersegmental.  Gizzard in v (large or rudimentary).  Calciferous glands 3 or 4 pairs in x-xii, or absent.  Intestine acaecate.  Meronephric; pharyngeal tufts present or absent; oesophageal nephridia astomate or stomate; caudal nephridia stomate (and astomate?); nephridia in regions in which they are stomate (always?) with multiple intrasegmental funnels. Usually with wide ventral setal gap with precluded setae median to the male pores (exceptions are S. fusca and S. newcombei and possibly S. illidgei). Prostates racemose or tubuloracemose. (Spermathecae diverticulate).

Distribution: S-E Australia; Lord Howe Island; Norfolk Island; ?New Zealand.

Type species: Diporochaeta notabilis Spencer, 1900 from Dimboola, Victoria. The types were lost but Jamieson, 1972a erected and described neotypes from the same locality.

Note: from Jamieson and Wampler (1979): "species added ...... lessen the facility by which the genus may be divided into its two subgenera Spenceriella and Austroscolex". This was because several mainland, as opposed to Lord Howe Island, specimens lacked the extramural calciferous glands characteristic of the former group.  Such uncertainty, coupled with the large number of new species that this and other studies have located (see Dyne, 1984), mean that a key to the genus would be incomplete at this stage.

Subgenus Spenceriella Michaelsen, 1907 emended Jamieson, 1974, Jamieson and Wampler, 1979.

Diagnosis:  Gizzard usually large, sometimes reduced.  Bucco-pharyngeal meronephridial tufts present in anterior segments.  Three or four pairs of dorsolateral extramural calciferous glands typically present (notabilis species-group) or absent (cormieri species group).

Distribution: Vic., NSW, SA, Tas., Qld. ?New Zealand.

Type species: Diporochaeta notabilis Spencer, 1900 from Dimboola, Victoria. 

From Jamieson and Wampler (1979):

Spenceriella (S.) notabilis species-group

Dorsolateral calciferous glands present 

for species see Jamieson, 1974a,c; Vict., SA, NSW, Tas.

Also: 

S. (S.) jenolanensis Boardman, 1943, Jenolan Caves, NSW.

S. (S.) tenax (Fletcher, 1886), Sydney NSW.

Spenceriella (S.) cormieri species-group:

Extramural calciferous glands absent.

1. S. cormeri Jamieson and Wampler, 1979 Lamington Plateau, Qld.

2. S. curtisi Jamieson  and Wampler, 1979 Lamington Plateau, Qld.

3. S. minor (Spencer, 1900) Cooran and Gayndah; Mt Tamborine and Blackall Range, Qld.

4. S. noctiluca Jamieson and Wampler, 1979 Lamington Plateau, Qld.

5. S. wiburdi (Boardman, 1943) Mt. George, NSW.

Subgenus Austroscolex Jamieson, 1977, Jamieson and  Wampler, 1979.

Diagnosis: Gizzard rudimentary. Multiple intrasegmental nephrostomes in the oesophageal, as well as the intestinal region. Bucco-pharyngeal or other anterior nephridial tufts absent. Extramural calciferous glands absent.

Distribution: Lord Howe Island; (Norfolk Island?; New Zealand?).

Type species: Austroscolex howeana (Jamieson, 1977c) from Lord Howe Island. 

Notes: this subgenus is mainly confined to Lord Howe Island.  The presence of the mainland widespread S. (A.) newcombei (Beddard, 1887) on Lord Howe may be due to recent introduction(?). 


Six species are listed (Jamieson, 1977c) as belonging to Spenceriella (Austroscolex).  All are from Lord Howe Island except for one species: Perichaeta (=Spenceriella) newcombei Beddard, 1887 from Qld,  NSW, and New Zealand, that was formerly incertae sedis (Jamieson, 1974a).

Note:  Spenceriella is easily the largest genus in Australia and will receive large numbers of species attributed to the heterogeneous congeries Megascolex (which may then be confined to India with type M. caeruleus?) as well as innumerable unidentified species held in collections (vide Jamieson and Wampler, 1979; Dyne 1984).
Spenceriella (Spenceriella) macleayi  (Fletcher, 1889)


Perichæta Macleayi (sic) Fletcher, 1889.


Perichæta Macleayi vars. c (i)-(iii) (?non P. Macleayi vars. a b) Fletcher, 1890.


Megascolex macleayi; Beddard, 1895. 


Megascolex macleayi; Michaelsen, 1900. 

Fig. 41
Syntypes: AM W1344-1345.

Previous Distribution: "Sydney (common in the Hon. W. Macleay's garden at Elizabeth Bay)" - Fletcher, 1889.  From Mount Victoria, Blue Mountains; Raymond Terrace and Morpeth; and Coonabarabran, Gunnedah from the banks of the Namoi, all in New South Wales - Fletcher, 1890 (for variety "c").

Locality:
Yarrumundi Paddock 3 of the University of Western Sydney, Hawkesbury campus, near Richmond, 55 Km north-west of Sydney NSW. Collector K.L. Elton. A new record for NSW.

Habitat: 
Under grazed, two year-old, sown grass/medic pasture on a red podsolic in association with Aporrectodea trapezoides.

Registration No.: 
Four mature specimens: two contracted on preservation, two relaxed but macerated (one posterior amputee).  One of each dissected.

Behaviour:
see note on gut contents.

Length: 
40-75 mm.

Width: 
mean about 4 mm.

Segments: all three complete specimens gave counts of 90. Slight secondary annulation from vi. The posterior eight segments dorsally canaliculate in one specimen.

Colour:
dorsum dark, reddy to chocolate brown especially in the anterior, setal auriolae and ventrum pale, clitellum buff.  Not especially iridescent.

Prostomium: open epilobous or closed by a fine groove parallel and close to intersegmental furrow 1/2. Peristomium ventrally cleft.

First dorsal pore:
5/6 (by mucal ejecta), continuous on clitellum.

Setae:
perichaetine from ii: 20/vii and >24/xx, with fairly wide mid-ventral and mid-dorsal gaps. No setae between the male pores.

Nephropores: 
not seen (enteronephric).

Clitellum: 
annular over ½xiii-½xvii, interrupted ventrally in xvii, furrows and setae retained.

Male pores: 
as largish lateral slits equatorial on xviii on summits of a pair of opposed raised porophores.

Female pores: paired just anterior to setal arc about the width of the mid-ventral gap.

Spermathecal pores: 7/8 and 8/9 only faintly marked in deep intersegmental furrows approximately as wide apart as male pores (ie. in line with setae c or d).

Genital Markings:
in x and xi, a pair of raised ventral mounds extending from a to c setae, each with a translucent, ellipsoid rim to an eye-like pore on the summit.  The anterior pair slightly larger.  In xvii, paired genital markings: four presetally, two postsetally; in xviii a single presetal mid-ventral papilla; in xix a pair presetally and a pair postsetally with an eccentric papilla closer to the left-hand-side analogue.  The anterior annulus of xvii and the posterior annulus of xix are slightly tumid as they accommodate the ventral papillae.

Septa:
4/5 weak over gizzard, 5/6 and 6/7 displaced and adpressed by gizzard, thickening to 9/10 or 10/11 thereafter thinning to become membranous after 14/15.

Dorsal blood vessel: single, continuous onto pharynx.

Hearts:
commissurals vi-ix, hearts x-xii. 

Gizzard:
large barrel or cone-shaped in v, has muscular sheen but can be readily deflected.

Calciferous glands:
oesophagus dilated in viii-x and xiii, more so in each of xi and xii to form a pair of ventro-laterally sessile calciferous glands (ie. two pairs).  Supra-oesophageal vessel not detected.

Intestine origin (caeca, typhlosole):
xv, acaecate, typhlosole not found.

Nephridia:
meronephric, with pairs of large tufted nephridia ventrally in iv-vi reducing to parietal forests of micromeronephridia by the clitellar region and after. Pre-septal funnels not seen (possibly numerous per segment?).

Testis/sperm funnels:
holandric: paired sacs in x and xi contain unusually large palmate or "tufted" testis and non-iridescent, nebulous funnels.  A pair of seminal vesicles lobulate on posterior septum of ix are racemose on anterior septum of xii.

Ovaries:
in xiii as large pair of palmate strands of numerous egg strings and diaphanous funnels.

Prostates:
large, multi-lobed racemose glands extending over 2-4 segments with short muscular ducts once bent.

Spermathecae:
two pairs in viii and ix with large sub-spherical or elongate ampullae tapering to ducts each bearing near ectal end a shorter, white, digiform diverticulum.

Gut contents:
when the fine, yellow soil and occasional organic "husks" were flushed away, large quartz crystals (up to 0.4 mm diameter) remained. These were present the length of the gut and may serve as selectively ingested "crop stones" for comminution of soil, alternatively they may represent involuntary ingestion of a sandy medium.  Geophagous?

Notes:
mucus permeated the cavity of several segments, especially ix-xv.

Remarks:
Fletcher described about twenty native "Perichaeta" species in addition to S. macleayi  in a series of papers (1886a-1890).  Fletcher (1889) differentiated his dozen Perichaeta (=Spenceriella) macleayi specimens from Sydney NSW from those of P.(=S.) australis (Fletcher, 1886a) from Burrawang, NSW, by their size, genital markings and possession of only two pairs of calciferous pouches in xi and xii.  The above description concurs with, and greatly augments, this earlier account as well as providing an illustration.
 Representative of the genus on the whole, this species is especially differentiated by having two pairs of calciferous glands and the distinctive paired genital mounds on x and xi "each with a central pore-like depression" - Fletcher (1889).


Of the three S. macleayi "varieties" invoked by Fletcher (1890) varieties "a" and "b" differ from the original types, not only by being larger with more segments, but also with regards to (1) the number and character of the genital markings (2) the position of the first dorsal pore and (3) spermathecal pores.  Fletcher's (1890) variety "c", however, were of similar size and had the distinctive papillae in x and xi with "opposite the interval between the first and second setæ a pair of fossettes".  Consequently, I have included them in the synonymy of S. macleayi and, provisionally, excluded the other varieties (cf. Michaelsen, 1900).  Unravelling the relationship of S. macleayi with the "variety" of P. (=S.) fecunda (Fletcher, 1887) with only two pairs of spermathecae (Fletcher, 1890), is not attempted here. 


Perhaps these other varieties are part of a species complex, but, as with S. macleayi proper, none have subsequently been re-described.  The above account represents the first confirmation of this species since it was first named over 100 years ago (although Barley and Kleinig, 1964 (p. 190), include this species in a footnote of species collected along watercourses near Deniliquin, NSW).  It is reassuring to know that some native species, such as this one, have survived the cultivation, urbanisation and onslaught of exotic species that have occurred since the last century.
Spenceriella newcombei  (Beddard,1887)


Perichaeta newcombei Beddard, 1887.


Megascolex newcombei, Beddard, 1895.



Megascolex newcombei, Michaelsen, 1900.


?Megascolex newcombei, Gates, 1965.


?Megascolex laingii, Benham, 1903. 


?Megascolex laingii, Lee, 1959.


Spenceriella (Austroscolex) newcombei, Jamieson, 1977.

Distribution: In NSW: Northbridge, Sydney (1961) and Mt. Keira, Wollongong (1962) - both from private gardens; the type locality in Queensland is unknown.

Note: Gates' (1965) description differs from that of Beddard (1887) and Michaelsen (1900), especially with respect to the gizzard being in v (not vi), the distribution of genital markings and in not having a small spermathecal diverticula.  Lee (1959) also description of M. laingii after Benham (1903), based on two incomplete worms from Norfolk Island, differs by having a thin diverticulum that extends beyond the ampulla. 

Locality:
Samford and Mt Cotton, both near Brisbane.

Habitat: 
under alluvial debris and a clay loam creek bank (0-10 cm depth) next to South Pine River (Samford) and under cultivated leucaena and native trees (Mt Cotton).

Registration No.: 
several mature and sub-adult specimens collected by RJB.

Length: 70-80 mm.

Width: 
3.5-4 mm.

Segments: 104-119 (autotomy may reduce counts).

Colour:
bright copper-red with brilliant iridescence especially in anterior dorsum; clitellum orange to dark brown; ventrum after clitellum and intersegmental furrows, pale buff.

Behaviour: rapid escape behaviour with vigorous lashing and autotomy of tail segments which when discarded continue to thrash, ejection of yellow coelomic fluid (luminescent?) and copious clear mucus.

Prostomium: open epilobous shaped rather like a champaign cork; deep groove ventrally on peristomium to 1/2, sometimes fainter to 2/3.

Fig. 2.26 Spenceriella newcombei (a) ventral view of Samford specimen (b) prostate (c) spermathecae (d) prostomium and (e) enlargement of spermathecae (a-d at same scale, e at scale indicated).

First dorsal pore:
(4/5) 5/6.

Setae:
numerous per segment from ii: 40ish/vii and 40ish/xx, with slight mid ventral and mid dorsal gaps.  Approximately 2-6 setae retained between male pores.

Nephropores: 
equatorial notches with slightly enlarged setae are seen on both sides mid-laterally at about m after iv and especially on clitellar segments.

Clitellum: 
annular over xiv-xvi, then possibly occupying part of xvii and even onto xviii, furrows and setae retained.

Male pores: 
on xviii in pair of opposed raised porophores which are either circular or in equatorial clefts which may extend to mid-ventral furrow.   Setae between pores.

Female pores: combined or closely paired medianly in short lateral pre-setal groove on xiv.

Spermathecal pores: 7/8 and 8/9 only faintly marked in deep intersegmental furrows approximately as wide apart as male pores.

Genital Markings:
variable: single central preseptal largish discs in some or all of vii-xiii.  At fullest development with an additional pair presetally on either side on x; in xvii one or two pairs presetally on either side on the ventrum; occasionally three pairs widely separated bordering the male pores one in each annulus; two pairs presetal and ventral in xx in a common tumid pad and a single, central, preseptal marking in xxi.  Tumescence of xix may possibly obscure additional genital markings (recorded there by Michaelsen, 1900).

Septa:
4/5-11/12 moderately thick, 12/13/14/15 thicker and from 15/16 onwards thinner.  7/8/9/10 are quite strong and shifted rearwards by half a segmental width.

Dorsal blood vessel: single continues on pharynx in v, supra-oesophageal from xii-ix.

Hearts:
vi-xii.

Gizzard:
muscular pharynx to v and pharyngeal mass extends back to vi or more encompassing thinly muscular gizzard in v which compresses septa 5/6 (note: Beddard, 1887 located the gizzard in vi).

Calciferous glands or diverticula:
oesophageal dilations noted in x-xiii.

Intestine origin (caeca, typhlosole):
xv (acaecate), no  typhlosole but gut has internal longitudinal ridges.

Nephridia:
meronephric, in the midbody as equatorial forests of megameronephridia, possibly with preseptal funnels.

Testis/sperm funnels:
testis and iridescent funnels paired in x and xi as sheets which fill the segments ventrally. Seminal vesicles ix and xi-xii or 4 pairs in ix-xii. (Michaelsen, 1900: "samensäche im 9 bis (und?) 12 segm.").

Ovaries:
in xiii as large pair of palmate strands with numerous egg strings and a second pair rudimentary in xiv (Gates, 1965 identifies ovisacs in xiv but also found abnormalities and states that doubling of ovaries can result from halving of mesoblastic somites or following regeneration?).

Prostates:
large racemose S-shaped glands (may appear thickly tubular) extending over 2-3 segments with short muscular duct.

Spermathecae:
in viii and ix two pairs with large sub-spherical or deformed ampullae and stout duct each bearing anteriorly near the ental end a blunt iridescent diverticulum.

Gut contents:
colloidal material and organic matter and woody particles suggesting a selective detritivorous diet.

Notes:
at Samford, found only occasionally under litter in alluvial soil on riverbanks and under pasture, frequently in association with various other native and, especially, with introduced species such as Aporrectodea trapezoides. That it occurs at Samford and Mt Cotton suggests a fairly wide distribution and it is perhaps residual in remnants of native vegetation and besides watercourses whence it makes incursions into cultivated soils.


The variation in size and genital markings may represent different stages of maturity or intraspecific variations.  

Remarks:
The species from the Sydney region which Gates (1965) redescribes as being supposedly synonymous with Perichaeta (=Spenceriella) newcombei has several differences to the inadequate description of types (now lost) reported by Beddard (1887) from Queensland.  Gates (1965) included Megascolex laingii in a synonymy, this worm was from Norfolk Island (and Hamilton N.Z.?), the specificity of these two immature and poorly preserved specimens must be questioned.   However, Gates (1965) draws attention to the regenerative capacity of this species, which often results in somatic variations.  Such  capacity may compliment the autotomy observed for specimens here.  The autotomy in turn may be an adaptation to avoid predation suggesting that this species is naturally litter dwelling near the surface, a conclusion supported by its diet and dark red pigmentation.


In Spenceriella only a few reported species (eg. S. fusca (Michaelsen, 1918) and possibly S. illidgei (Spencer, 1900)) have setae between the male pores as is more commonly encountered in the perichaetine asiatic Pheretima s. lat. group.  Spenceriella may well have common ancestry with the Oriental pheretimoids since there are many similarities in morphology and ecology as exemplified by recent colonisation of Australia by the latter group.

Spenceriella novocombei sp. nov.
Locality:
Samford.

Habitat: 
under alluvial trash next to South Pine River.

Registration No.: 
several specimens collected by RJB one dissected here, biometric data from all.

Length: 74 mm.

Width: 
3 mm.

Segments: 93.

Colour:
dark brick dorsum, pale ventrum and generally paler after clitellum, clitellum darker brown.

Behaviour: rapid escape and lashing of body.

Prostomium: open epilobous tapering rather like a champaign cork; deep groove ventrally on peristomium to 1/2. 

First dorsal pore:
5/6 clearly defined (not on 2 clitellar segments).

Setae:
numerous per segment from ii: 38/vii and 44/xx, with slight mid ventral and mid dorsal gaps.

Nephropores: 
not seen.
Fig. 2.27 Spenceriella novocombei (a) ventral view with  (b) prostate and (c) spermathecae.

Clitellum: 
annular over ½xiii, xiv-xvi, furrows less distinct on 14/15 and 15/16, setae retained.

Male pores: 
on xviii in pair of opposed raised porophores which are pert in equatorial slits. No setae between pores.

Female pores: combined or closely paired medianly in short lateral pre-setal groove on xiv.

Spermathecal pores: 7/8 and 8/9 only faintly marked in deep intersegmental furrows approximately as wide apart as male pores.

Genital Markings:
faint paired discs presetal in vii-ix and possibly large ventral pad in ix; posterior of xvii and anterior of xix each with a pair of raised discs slightly lateral to male pores.  The pair in xix may be fused with a pair in the posterior of xviii appearing continuous and here obscuring the intersegmental furrow 18/19 and this faintly repeated in 19/20. Numerous small tufts are associated with the 18/19 genital markings internally.

Septa:
4/5-6/7 medium; 7/8-9/10 weaker and displaced rearwards by half a segment; 11/12-14/15 medium thickness.

Dorsal blood vessel: single continues on pharynx.

Hearts:
x, xi, xii

Gizzard:
rudimentary in v, displaced to vi and encompassed in pharyngeal gland mass which extends back to vi or more.

Calciferous glands or diverticula:
not seen, but a flask-

shaped striated dilation of the oesophagus in xiii has many internal lamellae.

Intestine origin (caeca, typhlosole):
xv (acaecate, atyphlosolate).

Nephridia:
meronephric; tufted nephridia present in (at least) v and vi with ducts passing to pharynx in ii and iii; in the midbody as equatorial forests of meronephridia.  

Testis/sperm funnels:
iridescent testis and funnels paired in x and xi possibly in sacs on septa with the hearts.  Seminal vesicles 4 pairs in ix-xii getting progressively larger.

Ovaries:
in xiii as large pair of palmate strands with numerous egg strings and a second pair rudimentary in xiv.    

Prostates:
large racemose apparently longitudinally clavate glands extending over 2-3 segments and bisected by 18/19, with short muscular duct.

Spermathecae:
in viii and ix two pairs with large sub-spherical or deformed ampullae and stout duct each bearing anteriorly near ental end a blunt iridescent diverticulum.

Gut contents:
mainly coarse sand and silt with some organic debris.

Notes:
morphologically similar to S. newcombei, as described above, but differing in several respects, especially absence of penial setae, distribution of genital markings and prostate shape.  The specimens here are much closer to Gates' (1965) description of S. newcombei which have similar genital markings, prostates and, on one specimen, no setae on xviii, if conspecific then the distribution is widespread from Qld. to Sydney (and N.Z.?).  This present species is tentatively described, the name alluding to its similarity to previous descriptions of S. newcombei.  It may represent a particular growth stage of S. newcombei or form part of a species complex with this or with Gates' (1965) species (or both?).  Further collection is required to investigate such possibilities.

Spenceriella rodericensis sp. nov.
Locality:
Savages Rd. Brookfield, delivered in cultures which included Heteroporodrilus spp., Aporrectodea trapezoides and Pontoscolex corethrurus.

Habitat: 
semi-urban garden.

Registration No.: 
four specimens preserved: holotype (H - drawn and dissected) and three smaller paratypes (P1 - dissected).

Lengths: H:100; P1:70; P2:95; P3:70 mm.

Width: 
3 mm.

Segments: 70-89 (autotomy may reduce counts).

Colour:
dark brick-red dorsum, pale ventrum and generally paler after clitellum, clitellum darker brown. Faint iridescent sheen.

Behaviour: when disturbed, exudes fluid and displays lashing behaviour, at extremis may autotomyse posterior segments.

Prostomium: open epilobous (but with lateral furrow near tip): grooves tapering almost to 1/2.  Notched ventrally on peristomium to 1/2. 

First dorsal pore:
4/5 or 5/6 clearly defined laterally (not on clitellar segments).

Setae:
numerous per segment from ii: c. 32/vii and c. 32/xx, with only slight mid-ventral and negligible mid-dorsal gaps.  Six setae between male pores.
Nephropores: 
not seen, but laterally in position of d or e setae dimples were noted.

Clitellum: 
annular ½xiii-xvi, furrows obliterated, setae retained.

Male pores: 
on xviii as small lateral slits on summits of a large pair of raised porophores. 

Female pores: single midventral in small hollow just anterior to setal arc.

Spermathecal pores: two pairs: lateral and protruberant in 7/8 and 8/9, as wide apart as male pores.

Genital Markings:
postsetally in xvii and xix (consistent for all specimens): a pair of large flat dishes having faintly translucent centres in line with the male pores, these may be repeated in xx (H, P2 and P3) and faintly in xxi (H), additionally in xix there may be a pair of small disks presetally (H and P2).


Preclitellar markings variable but at greatest development as small presetal, midventral disks in some or all of vii-xiii; a pair of larger dishes presetally in x (and xi in H specimen).

Septa:
none particularly thickened (possibly 12/13/14?).

Dorsal blood vessel: single continues on pharynx. (sub-oesophageal vessel paired).

Hearts:
x-xii; from vi to xiii are smaller commissurals, those of x-xiii associated with the supra-oesophageal vessel. 

Gizzard:
rudimentary in v and encompassed in pharyngeal glandular mass which extends back to vi.

Calciferous glands:
not definitely recognized, 

but in holotype annular swellings of oesophagus in x-xiii were noted which did not have internal lamellae.  In a paratype paired ventro-lateral pouches of the oesophagus in x and xi resembled sessile calciferous glands.

Intestine origin (caeca, typhlosole):
valve in xiv passes into ½xv from where intestine widens (acaecate, no typhlosole found).

Fig. 2.28 Spenceriella rodericensis (a) ventral view (b) prostate, (c) spermathecae (d) prostomium and (e) posterior.

Nephridia:
meronephridia are numerous on the body wall from iv (where they are enlarged) the median most being the largest.   Tufted nephridia were not differentiated in the pharyngeal bulb mass.

Testis/sperm funnels:
iridescent testis and funnels paired in x and xi.  Seminal vesicles large racemose pairs in ix and xii.  The body cavity from vii-xi is filled with mucus.

Ovaries:
in xiii as large pair of palmate strands with numerous egg strings from ventrum with iridescent egg funnels on the posterior septum; small egg sacs noted on the anterior septum of xiv. 

Prostates:
large racemose pair extending from xvii-xix, with very long muscular duct running almost the whole extent of the gland, before looping back, about half this length, to enter the body wall at the site of the male pore. 

Spermathecae:
spermathecae each with a large, digiform (iridescent) diverticulum which penetrates the septum into the anterior segment (ie. diverticula in vii and viii, ampullae in viii and ix) The ampullae resemble button mushrooms being spherical but slightly flattened with a very short duct.

Gut contents:
soil with some woody material.

Notes:
placed in Spenceriella, despite the uncertain status of the calciferous glands and despite having setae between the male pores as have S. fusca (and possibly S. illedgei), and S. newcombei and S. novocombei described above.   This species is similar to these latter two in morphology, including the variability of the genital markings.  The markings of this species vary, but in all specimens there was a pair of largish circular dishes in xvii and xix adjacent to and in line with the male pores (in this it resembles the exotic Amynthas rodericensis which was also recorded from this site).   These markings serve to distinguish S. rodericensis from other described members of Spenceriella with distant spermathecal pores: S. illidgei (Spencer, 1900) from Cooran, Qld which possibly also has setae between the male pores but paired female pores and S. australis (Fletcher, 1886a) from NSW, which has suppressed setae median to the male pores.  S. rodericensis is unique in having elongate spermathecal diverticula penetrating the preceding septa and in the length (approx. 4 mm) of the prostate duct on the racemose prostate which gives a passing resemblance to the handle on a beer mug.

Spenceriella eustoma sp. nov.

Locality:
Dorigo plateau, NSW.

Habitat: 
"In red soil in hundreds per m2, in local patches on farmland (Ray Metcalf's farm)", whether this abundance refers to this species or to Eukerria saltensis is not known.

Registration No.: 
collected by Dr. B. Doube, 26/Feb/1992, one specimen only.

Length: 65 mm.

Width: 
3.5 mm.

Segments: 154 posterior forms a pear-shaped bulb.

Colour:
anterior dark brick-red dorsum (partly stained from soil?) most of body white in alcohol.

Prostomium: wide and open stoma, epilobous?, no ventral cleft.

First dorsal pore:
4/5/6.

Setae:
numerous per segment from ii: 20/xii and 28/xx, with wide mid-ventral and mid-dorsal gaps.  No setae between male pores but gap as wide.

Nephropores: 
not seen.

Clitellum: 
constricted annulus over xi-xiii, clitellum not clearly defined.

Male pores: 
on xviii in pair of pert equatorial slits which sit on opposed raised porophores. No penial setae.

Female pores: on xiv, paired antero-medianly to ventral setal gap.

Spermathecal pores: obvious in 7/8 and 8/9 with pinched marks under each pore, approximately in line with male pores.

Genital Markings:
faint paired pinched discs presetal in x-xiii but tapering in a line from the posterior spermathecal pores to the female pores.

Septa:
none especially thick, 4/5 flimsy and constraining tufted nephridia, 5/6 flimsy and closely adherent to gizzard, 6/7 almost combining with 7/8 to base of gizzard, after 9/10 becoming membranous.

Dorsal blood vessel: single continues on pharynx.

Fig. 2.29 Spenceriella eustoma (a) ventral view; (b) prostate; (c) spermathecae; (d) prostomium.

Hearts:
commissurals in viii and ix, hearts x-xii, no supra-oesophageal seen.

Gizzard:
fairly large and muscular in v displaced to vi.  Proventriculus in iv, large but transparent and weak.

Calciferous glands:
in viii to oesophagus dilates and has superficial longitudinal lamellae but is transparent, in ix and x the oesophagus is similarly dilated, in xi-xiii it is still white but narrower although a flask-shaped striated enlargement of the oesophagus in xiii has many internal lamellae.

Intestine origin (caeca, typhlosole):
xviii (acaecate, atyphlosolate).

Nephridia:
meronephric; large tufted nephridia two pairs anteriorly (from iv?), reducing in size to ix; then nephridia small and numerous on the body wall.  Neither preseptal funnels nor enteronephric meronephridia found in caudal segments, rather numerous intrasegmental meronephridia, avesiculate.

Testis/sperm funnels:
holandric: testis and iridescent funnels free, paired in x and xi; racemose, in both x and xi a large sac is filled with which coagulum and other, tapering seminal vesicles are paired in ix and xii. 

Ovaries:
not found.

Prostates:
large racemose, elongate from xviii-xx with short, straight ducts.

Spermathecae:
in viii and ix two pairs, large with elongate ampullae constricted in the middle and longish ducts each bearing anteriorly near ental end a blunt iridescent diverticulum. 

Gut contents:
red soil.

Notes: included in the sample jar was a small Eukerria saltensis specimen which was much coiled.

Remarks:
were preseptal nephrostomes found in the caudal segments, then this specimen would assignable to Megascolex, since none were found it is placed in Spenceriella.  Superficially it resembles S. notabilis (Spencer, 1900) from Victoria, the type species of Spenceriella (see Jamieson, 1972a fig 1) but differs appreciably in not having paired calciferous glands in x-xiii, in having two rather than one pair of spermathecae and in the positioning of the genital markings.  Perhaps it is a member of the S. cormeri group of Jamieson and Wampler (1979), with two pairs of spermathecae, and although possibly close to S. noctilucta Jamieson and Wampler, 1979, it conforms to no description that I can locate.  Its unique features are the bodyshape, paired (converging) genital markings and form of spermathecae and prostates.  The wide stoma is perhaps an aberration of preservation but is untestable as other specimens were not provided.  On its combination of characteristics, this specimen is possibly described for the first time and is named after its wide mouth.

Spenceriella buckerfieldi sp. nov.

Locality:
CSIRO survey Site 161, Warburton, Vict.

Habitat:
wormfarm?

Registration No.: 
collected by Graeme Seppings, Feb., 1992, two mature specimens: Holotype (H) drawn and dissected, and P1.

Length: both about 80 mm.

Width: 
2.5 mm.

Segments: both 85, deep intersegmental furrows gives body appearance of stacked tyres, tendency for metameres to have equatorial constriction, some lateral flattening posteriorly.

Colour:
anterior dark brick-red iridescent dorsum; ventrum pale; clitellum buff.

Prostomium: epilobous, no ventral cleft.

First dorsal pore:
7/8 (not on clitellum)

Setae:
numerous per segment from ii: 26/xii, with distinct mid-ventral and mid-dorsal gaps.  No setae between male pores. 

Nephropores: 
not seen.

Clitellum: 
annular over ½xiii-xvii, furrows and all but a few lateral setae obscured.

Male pores: 
on xviii a pair of large lateral vents, raised within diamond shaped porophores. 

Female pores: on xiv, single central anterio-median to setal arc.

Spermathecal pores: 7/8 and 8/9 in deep furrows slightly more lateral than male pores.
Fig. 2.30 Spenceriella buckerfieldi (a) ventral view; (b) prostate; (c) spermathecae.

Genital Markings:
faint in x, a pair of presetal discs; some presetal tumescence in x-xiii; occupying the ventral aspect of xvii, a tumid pad with a pair of presetal discs; in xix a pair of presetal or equatorial discs almost in line with the male pores; in xx a presetal slightly eccentric single largish disc (on either side in the two specimens).  

Septa:
none especially thick, 8/9-11/12 are slightly thickened.

Dorsal blood vessel: single continues on pharynx.

Hearts:
commissurals in vi-ix, hearts x-xii.  Supra-oesophageal seen in xi-xiii.

Gizzard:
weak or vestigial in v, surrounded by pharyngeal glandular mass to the posterior of v.

Calciferous glands:
oesophageal with slight dilations (or rather, intraseptal constrictions) in vii-xiii and, although rugose internally, not positively identified as calciferous glands.

Intestine origin (caeca, typhlosole):
simple from xvii/xviii?

Nephridia:
numerous meronephridia equatorial on body walls from anterior (ie. not tufted); in caudal segments, preseptal funnels not found.

Testis/sperm funnels:
holandric: iridescent testis and funnels paired in x and xi, free but invested in coagulum mass. Seminal vesicles paired, racemose posteriorly in ix and (larger) anteriorly in xii.

Ovaries:
palmate in xiii as a large pair with numerous egg strings.

Prostates:
large, (tubulo-)racemose, S-shaped glands with short muscular ducts. 

Spermathecae:
in viii and ix two pairs with large heart shaped ampullae and short ducts each with long-stalked, opaque (iridescent?) diverticulum attached near junction.

Gut contents:
organic matter.

Notes:
Conforming to Austroscolex (from Lord Howe Island) with no setae between male pores, no tufted nephridia nor calciferous glands, these specimens are also rather similar in several respects to some descriptions of S. newcombei.   From this latter species they differ in absence of setae between male pores, in body shape, in genital markings and size and shape of spermathecae.  This species is here described for the first time and named after the supplier, CSIRO scientist Mr J. Buckerfield. 

Spenceriella minor (Spencer, 1900)


Megascolex minor Spencer, 1900.


Megascolex minor, Sweet, 1900 [check]


Megascolex minor, Michaelsen, 1916.


Megascolex minor, Jensz and Smith, 1969.


Spenceriella minor, Jamieson and Wampler, 1979.

Distribution: Cooran, Gayndah (Spencer, 1900), Mt Tamborine, Blackall Range (Michaelsen, 1916), Lamington National Park (Jamieson and Wampler, 1979).

Locality:
from beside, a creek at Ban Ban Springs, under speargrass Heteropogon contortus pasture at DPI Brian Pastures and recovered from glasshouse pot to which these earthworms had been added.

Habitat:  various: alluvial sandy soils to cracking clays soil under pasture.

Registration No.: 
numerous specimens, mature and immature.

Behaviour:
moderately luminescent (Jamieson and Wampler, 1979), active and ejects coelomic fluid when handled. Found in the root zone under grasses.

Length: 50-60 mm.

Width: 
2.5 mm.

Segments: 82 (post. amp.), 86-108 with secondary annulations.

Colour:
dark brick-red dorsum, anterior and posterior few segments, pale ventrum from about vi and after clitellum, clitellum orange-brown.

Prostomium: open epilobous to ½i but tapering faintly to  1/2; deep ventral notch on peristomium to 1/2.

First dorsal pore:
4/5.

Setae:
numerous per segment from ii: 26-32/xii and about 36/xx, with slight mid ventral and mid dorsal gaps.  No setae between male pores.

Nephropores: 
not seen.

Clitellum: 
annular over½xiii,xiv-½xvii but interrupted by ventral markings, furrows less distinct on 14/15 and 15/16, some setae retained.

Fig.  2.31 Spenceriella minor (a) ventral view, (b) prostate and (c) spermathecae.

Male pores: 
on xviii in pair of opposed raised porophores which are pert in equatorial slits.

Female pores: paired anterior to mid-setal gap on xiv.

Spermathecal pores: 7/8 and 8/9 only faintly marked in deep intersegmental furrows slightly wider apart than male pores.

Genital Markings:
faint paired discs within raised pads equatorial or presetal in x and xi (occasionally one or both pads faint); paler patch ventrally in xv and in xvi,  either containing a single midventral disc (sometimes these markings not visible); in anterior of xvii a pair of discs either closely paired or as wide as male pores in tumid area; small pair of discs seen in xix near 18/19 just wider than male pores; in xx mid-ventral tumescence containing closely paired discs (sometimes absent, sometimes appearing in xix instead).

Septa: 5/6 weak, attaching to gizzard at its midriff; 6/7 slightly thickened at base of gizzard, 7/8-13/14 none especially thick, thereafter thin.

Dorsal blood vessel: single, continues on pharynx.

Hearts:
commissurals seen between vi-ix, hearts large in x-xii; supraoesophageal vessels not seen.

Gizzard:
large and muscular in v but appearing displaced to vi, with wide anterior lip.

Calciferous glands or diverticula:
not seen but oesophageal dilations noted for viii-xiii (rugose valves in xiv-xv?).

Intestine origin (caeca, typhlosole):
xvi (acaecate, atyphlosolate).

Nephridia:
meronephric; pharyngeal tufted nephridia present in (at least) iv-v; mostly equatorial forests of meronephridia.  

Testis/sperm funnels:
iridescent testis and funnels free in x and xi. Seminal vesicles racemose sacs in ix and xii.

Ovaries:
in xiii as large pair of palmate strands with numerous egg strings.

Prostates:
large racemose S-shaped glands extending over 2-3 segments and bisected by 18/19, with curved thin muscular duct.

Spermathecae:
in viii and ix two pairs with flattened, sub-spherical ampullae tapering to short duct each bearing at the  ectally a long digiform iridescent diverticulum.

Gut contents:
fine soil and grits.

Notes:
belonging to the "S. cormeri group" (Jamieson and Wampler, 1979), these specimens conform in morphology and locality to S. minor (Spencer, 1900).  Especially the presence of genital markings in x, xi and xx which, although varying between the specimens, are the most consistent locations.   Other slight differences in the accounts are that Spencer (1900) records oesophageal swellings in viii-x only, has the first dorsal pore in 5/6 (rather than 4/5) and describes the prostates as "bilobed" in xviii.  The coils of the tubuloracemose prostates may, at first glance, be mistaken as bilobed until they are teased out.  Differences from the Jamieson and Wampler (1979) account (of specimens from Mt. Tamborine and Lamington National Park, Qld.) are that they found no pigment; the length was given as 31 mm and segments 94; supra-oesophageal vessels were located.  These variations are not considered sufficient to doubt conspecificity.  Spencer's (1900) typographical errors: genital markings in "10, 11 and 12" (instead of xx) and gizzard in "3" (rather than v) were corrected in his illustrations (Figs. 55-57).   The location recorded by Spencer (1900) was Cooran and Gayndah, Queensland, the specimens reported here were also collected from near Gayndah.


Sims and Gerard (1985) describe a species introduced from Australia to Scotland which they call S. minor, however it varies from other descriptions in having anterior genital markings widely paired in x only.  Superficially, their specimen resembles S. celmisiae Jamieson, 1973 from NSW, but this species has three pairs of spermathecae rather than two pairs. 


In glasshouse trials, this species had a negative effect on plant growth and, of twelve specimens added to two large soil cores, only three were recovered six months later.

Spenceriella citraphobia sp. nov.

Locality:
From citrus orchard in Mundubbera, Qld.

Habitat: 
Under hayfield, away from the (sprayed) orchard.

Registration No.: 
one mature specimen, the holotype. 

Length: 
80 mm.

Width: 
4 mm.

Segments: 97 - secondary annulation following clitellum.

Colour:
uniform colourless in alcohol.

Prostomium: faintly parallel open epilobous, peristomial groove ventrally.

First dorsal pore:
4/5.

Setae:
small, numerous per segment from ii: approximately 26-28/xii and 28-30/xx, with slight mid-ventral and mid-dorsal gaps.  No setae between male pores.

Nephropores: 
not seen.

Clitellum: 
tumid, annular over xiv-xvi but impinging a third onto both xiii and xvii, furrows and setae retained but less distinct.

Male pores: 
on xviii on a pair of opposed tumid porophores as lateral slits. 

Female pores: paired anterior to mid-setal gap on xiv.

Spermathecal pores: paired in 7/8 and 8/9 clearly visible within glandular lips only slightly wider apart than male pores. 

Genital Markings:
distinct raised midventral papilla in x and in xi each with a single translucent central disc; similar papillae in xvi and xx but the latter one supports a pair of discs.  Faintly paler patches ventrally in ix and in xvii are not developed as genital markings.

Septa:
5/6 thin to base of gizzard, 6/7 thin displaced, 7/8-11/12 thickening slightly, after this membranous.

Dorsal blood vessel: single continuous on pharynx.

Hearts:
commissurals in vi-ix, larger hearts from x, last hearts in xii.

Gizzard:
large and fairly muscular, heart-shaped in v, but  displaced to appear in vi or vii.

Calciferous glands or diverticula:
no calciferous glands as such were seen although in vii-x and xiv-xv the oesophagus appeared, only slightly, more dilated and tumid.

Intestine origin (caeca, typhlosole):
xvi, low typhlosole detected after about xxv (acaecate).

Nephridia:
meronephric; tufted nephridia not seen in pharyngeal region.
Fig. 2.32 Spenceriella citrophobia (a) ventral view showing (b) prostate and (c) spermathecae in situ.

Testis/sperm funnels:
both x and xi are filled with white (seminal) coagulum which invests the brightly iridescent  testis and funnels of these two segments.  Testis sacs not detected.  Seminal vesicles racemose on the posterior septum in ix and iridescent lobulated on the anterior septum of xii.

Ovaries:
densely gravid ovaries in xiii.

Prostates:
S-shaped, flattened (tubulo-)racemose glands extending over 2 segments from xviii, each with a short muscular duct.

Spermathecae:
paired in viii and ix with larger, yellowy sub-spherical ampullae tapering to stout ducts each bearing, mid-length, a clavate transparent diverticulum.

Gut contents:
fine soil with many large quartz grits and occasional woody remains.   One quartz grain was 1 mm in diameter.

Notes:
segments vi-ix and xii to about xv contained coagulated mucus, x and xi had more opaque coagulum. 

Remarks:  the specimen described here has affinities with the Queensland S. cormeri group (of Jamieson and Wampler, 1979) in having no calciferous glands, two pairs of spermathecae and last hearts in xii.  In particular it is very similar to S. minor (Spencer, 1900) with regards to length (but not the narrow width which may have been a misprint in Spencers' 1900 paper), and genital markings in x, xi and xx (erroneously reported by Spencer as x, xi and xii but illustrated in x, xi and xx).   The location in Mundubbera is also reasonably close to the type localities of S. minor at Gayndah and Cooran, Qld.  It differs from Spencer's (1900) S. minor by having circular rather than elongate genital markings and an additional marking in xvi; by having first dorsal pore in 4/5 (rather that 5/6); in lacking oesophageal swellings in viii-x; and by having flattened, S-shaped prostates in xviii-xix (rather than flattened, bilobed prostates confined to xviii).  It is close to specimens of S. minor described above, apart from lacking tufted nephridia anteriorly, but is further remove from some other descriptions of S. minor.  A species from Lamington National Park, Qld, placed in S. minor by Michaelsen (1916) and Jamieson and Wampler (1979) is smaller and has paired genital pores in x and a single pore in xx (cf. S. citraphobia), the specimen of S. minor described by Sims and Gerard (1985) (referred to earlier) has widely paired genital marks in x.  S. citraphobia then, is possibly unique in its vital statistics, in the unpaired ventral arrangement of the genital markings anterior to xx and in its locality.   Collected in an orchard from a field adjacent to the trees, it was the only specimen, apart from an exotic Dichogaster bolaui, found despite three hours surveying.  The soils under and between the established rows of trees were well irrigated and mulched but possibly chemical residues from spraying makes this soil uninhabitable.

Spenceriella sebastianae sp. nov.

Locality:
From semi-urban garden Taringa, Brisbane.

Habitat: 
clay soil.

Registration No.: 
one specimen collected by Sebastian Blakemore in November, 1991.

Length:  90 mm.  Body circular but tapers and is dors-ventrally flattened in posterior.

Width: 
3 mm.

Segments: 100 with some equatorial constriction of anterior segments.

Colour:
dark brick-red brown dorsum with blue cuticular iridescence, clitellum paler, dark dorsal line visible.

Prostomium: open epilobous; slight notch ventrally on peristomium.

First dorsal pore:
5/6.

Setae:
numerous per segment from ii: 36/xii and 34/xx, with mid-ventral and mid-dorsal gaps.  No setae between male pores.  Reserve setae seen in several segments eg. v-vii.

Nephropores: 
dors-lateral, presetal?

Clitellum: 
annular over ½xiii,xiv-xvi, furrows less distinct but setae retained.

Male pores: 
xviii: minute on median apices of a pair of opposed raised porophores. 

Female pores: xiv: single just anterior to mid-ventral setal gap.
Fig. 2.33 Spenceriella sebastianae (a) ventral view; (b) prostate; (spermathecae); (d) prostomium.

Spermathecal pores: 7/8 and 8/9 closely paired (in line with setae b or c) in deep intersegmental furrows, which pucker median to pores (as does 6/7), about as widely spaced as male pores.

Genital Markings:
none.

Septa:
none especially thickened although 10/11-11/12 appear so due to mucal adhesion.

Dorsal blood vessel: single continuous on pharynx.

Hearts: commissurals in vii-ix; hearts in x-xii; fine, supra-oesophageal vessel traced viii-xii.

Gizzard:
absent or rudimentary in v but then same thickness as proventriculus in iv, both surrounded by glandular pharyngeal mass.

Calciferous glands:
rugose, oesophageal dilations in viii-xii.

Intestine origin (caeca, typhlosole):
xvi (acaecate, typhlosole not found).

Nephridia:
numerous meronephridia on body wall from ii (not tufted).

Testis/sperm funnels:
in x and xi invested in iridescent coagulum; seminal vesicles large, racemose pairs in ix and xii.

Ovaries:
fan-shaped in xiii.

Prostates:
large racemose pair in xviii-xix, duct short in xviii.

Spermathecae:
in viii and ix: two pairs with large sub-spherical ampullae tapering to short duct each bearing at junction a digiform iridescent diverticulum which may be wrapped around ampulla.

Gut contents:
clay soil and few grits. 

Notes:
paired septal glands noted in vi only.  This specimen was found in association with the exotics Polypheretima taprobanae and Pontoscolex corethrurus.

Remarks:
rather similar to S. newcombei but differing in several respects, especially in lacking genital markings and shape of spermathecae.   This species is possibly described for the first time, as I can find no corresponding account. It is named after the collector, Sebastian Blakemore.
Spenceriella stephanie sp. nov?

Locality:
Brookfield.

Habitat: 
"red podsolic" soil.

Registration No.: 
one mature specimen (holotype) and an immature (paratype?) collected by C.H. Thompson in March 1993.

Length:  95 mm.  Body circular. 

Width: 
4 mm.

Segments: 117.

Colour:
dark brick-red dorsum with blue cuticular iridescence, ventrum paler, clitellum buff.

Prostomium: open epilobous; marked ventral notch.

First dorsal pore:
4/5 rudimentary, 5/6 wide, occluded over clitellum.

Setae:
numerous per segment from ii: ca. 40/xii and ca. 50/xx; only slight mid-ventral and mid-dorsal gaps.  Setae between male pores, number 5 or 6.

Nephropores: 
not seen.

Clitellum: 
annular over xiv-xvi, setae retained.

Male pores: 
the whole male field is concave from ½xvii-½xix except for the male pores which protrude.  Setae occur between.

Female pores: xiv: single just anterior to mid-ventral setal gap.

Spermathecal pores: 7/8 and 8/9 paired in line with setae e or f.

Genital Markings:
none.

Septa:
4/5/6 flimsy and directed backwards; 9/10/11/12 with some thickening otherwise none especially strong.

Dorsal blood vessel: single continuous on pharynx mass in iii-v; in xiv it is greatly distended and it has branches to the sides of the intestine from here.

Hearts: commissurals in vi-ix; hearts in x-xii; fine, supra-oesophageal vessel traced ix-xii.

Gizzard:
small, compact in v overlying blood vessels.

Calciferous glands:
oesophagus dilated and rugose internally in x-xiii.

Intestine origin (caeca, typhlosole):
xvi (acaecate, typhlosole not found to about xxx).
Fig. 2.34 Spenceriella stephanie (a) ventral view; (b) prostate; (c) spermathecae.

Nephridia:
meronephridia in parietal forests in iv-vi then less obvious till about xi.  Not tufted.

Testis/sperm funnels:
large iridescent testis and funnels in x and xi; racemose seminal vesicles in ix and (filling) xii.  A small sac-like gland in x may also be seminal.

Ovaries:
large pair of palmate ovaries in xiii.  Egg sacs paired in xiv.

Prostates:
large racemose pair in xviii-xix, duct short in xviii.

Spermathecae:
in viii and ix: two pairs with large sub-spherical ampullae tapering to short duct each bearing at junction a digiform iridescent diverticulum on a wavy stalk. 

Gut contents:
almost entirely woody debris. clay soil and few grits. 

Notes:
oesophagus has small brown tufts externally in viii.  The dorsal blood vessel is much distended in xiv although the oesophagus is not especially swollen.  Mucus was noted in some segments eg. x, xi.

Remarks:
similar to S. sebastianae in general appearance and lack of genital markings, also close to S. decapita but differing slightly from both in almost each characteristic, especially the presence of setae between the male pores; ventral peristomial notching; and shape of spermathecae.   This species is possibly described for the first time. 

Spenceriella decapita sp nov.
Locality:
From rural-residential garden Brookfield, Brisbane. Collected by C.H. Thompson, 24/MAY/1992.

Registration No.: 
one specimen, anterior amputee (and posterior by autotomy?).

Length:  >50 mm? 

Width: 
2.25 mm.

Segments: ? 

Colour:
dark brick-brown dorsum with faint blue iridescence, clitellum paler, dark dorsal line.

Prostomium: ?

Fig. 2.35 Spenceriella decapita (a) ventral view (anterior amputee); (b) prostate; (c) spermathecae.

First dorsal pore:
6/7 at least?

Setae:
numerous per segment from ii: 34ish/xii and 40ish/xx, with mid-ventral and slight mid-dorsal gaps.  No setae between male pores.

Nephropores: 
not found (meronephric).

Clitellum: 
annular xiv-xvi, furrows obliterated, dorsal pores faintly retained, setae retained.

Male pores: 
on xviii a pair of minute slits, equatorial on summits of opposed slightly raised porophores (in position of missing a setae?).  

Female pores: single on xiv just anterior to setal arc.

Spermathecal pores:  7/8 and 8/9 only faintly marked in deep intersegmental furrows as wide apart as male pores.

Genital Markings:
on xvii, a pair of small papillae, centred just median to setal gap and post-setal but not extending to 17/18; in 18/19 a pair of small genital markings that are centred at the margin of xviii (in line with b setae) but overlap the furrow on both sides.

Septa:
none especially thickened.

Dorsal blood vessel: single, continuous on pharynx.

Hearts:
x-xiii.

Gizzard:
?

Calciferous glands:
on xiii pronounced, and less so on xiv and xv, oesophageal swellings that resemble calciferous glands.

Intestine origin (caeca, typhlosole):
xvi (acaecate, atyphlosolate).

Nephridia:
meronephric.

Testis/sperm funnels:
in x and xi are invested in coagulum (seminal vesicles?) enveloping the iridescent testis and funnels (testis sacs?).  Distinct racemose seminal vesicles in ix and xii. 

Ovaries:
paired in xiii, large sheet-like membranes with numerous eggs.

Prostates:
large racemose, unevenly bi-lobed pair in xviii each with short flaccid duct.

Spermathecae:
those in viii and ix found (only two pairs?) each with large sub-spherical ampullae demarcated from tapering duct which bears near its mid-length a single diverticulum with stalk about as long as duct and an iridescent bulb.

Gut contents:
dead plant material and organic matter, very little soil apart from that incidentally ingested.

Notes:
single damaged specimen from collection which included allochthonous Amynthas spp.  The endemic genus Spenceriella has many unnamed and morphologically similar species, often differing intraspecifically in the distribution of genital markings.  The damaged individual described here is insufficient for definite classification, but appears very similar in form to S. sebastianae and S. stephanie as described above, it may be closely related to one or both.   It is not intended to publish this account of an incomplete specimen, further collections from the location may provide better material.

Spenceriella longiductis sp. nov.
Locality:
about 1 Km SW of Byfield, Qld.

Habitat: 
in rainforest remnant on Bayfield farm property.

Registration No.: 
One aclitellate mature specimen (Holotype H described here); plus one immature posterior amputee with similar appearance.   Collector: C.H. Thompson, 26/Jan/1993.

Length: 42 mm.

Width: 
2 mm.

Segments: 107.

Colour:
unpigmented white in formalin, the dorsal blood vessel shows through body wall.

Prostomium: epilobous closed by faint line; ventral cleft on peristomium.

First dorsal pore:
?7/8 (ejecta seen from 10/11).

Setae:
perichaetine: approximately 26/xii, 30/xx; noticeable mid-ventral but narrower mid-dorsal gap.  No setae between male pores. 

Nephropores: 
not seen.

Clitellum: 
not developed.

Male pores: 
on xviii paired on the apex of opposed porophores in setal arc.

Female pores: paired just anterior to setal arc on xiv.

Fig. 2.36  Spenceriella longiductis (a) ventral view (b) prostate (c) spermathecae.

Spermathecal pores: in 7/8 and 8/9 just lateral of b setae.  

Genital Markings:
in each of x, xi and xiii mid-ventrally a pair of small discs almost convergent on a slightly elevated ellipsoid mound;  in xv-xvii and xix similar but more widely paired discs on slight papillae just before setal arc.

Septa:
anterior septa especially thin and displaced by gizzard, otherwise only slight thickening.

Dorsal blood vessel: ?single (damaged by incision).

Hearts:
hearts in x-xii.

Gizzard:
large and muscular probably in v, but displaced posteriorly.

Calciferous glands: oesophageal dilations noted for x and xii-xiv but not positively identified as calciferous.

Intestine origin:
xvi, typhlosole from xx (acaecate).

Nephridia:
meroic, anterior tufting not noted.

Testis/sperm funnels:
testis funnels only found in xi.

Ovaries:
in xiii as paired palmate egg-strings.

Prostates:
racemose pair confined to xviii but expanding the segment: the glandular part on one side is folded in half on itself, the ducts are relatively long (>1 mm) and describe an arc over each gland.

Spermathecae:
in viii and ix two pairs with large spherical ampullae shortly tapering to duct with a single digiform diverticulum as long as the ampulla and duct combined.  The anterior pair was slightly smaller and the diverticula were inseminated and iridescent.

Gut contents:
mainly fine soil.

Notes:
this small specimen is possibly not fully mature, since the clitellum and genital markings were not well developed,  although the spermathecae appeared charged.  Despite this, it is characterised as Spenceriella with these features: paired genital markings, metandric, last hearts in xii, two pairs of spermathecae and with relatively long ducts on the prostates.  In this combination of characters it is probably unique and is consequently designated a new species.
Spenceriella healyi sp. nov.

Locality:
about 1 Km SW of Byfield, Qld.

Habitat: 
"In rainforest remnant on alluvial fan on Robin Healy's "Bayfield" farm property." Collector C.H. Thompson.

Registration No.: 
one large posterior amputee (Holotype). Dissected not drawn.

Length: >>40 mm?

Width: 
5 mm.

Segments: ?

Colour:
reddy-brown dorsum, pale ventrum, aclitellate.

Prostomium: open epilobous, slight ventral cleft on peristomium.

First dorsal pore:
4/5.

Setae:
perichaetine with mid-ventral and mid-dorsal gap.  No setae between male pores. 

Nephropores: 
not found.

Clitellum: 
not developed but xiv-xvi smooth.

Male pores: 
rudimentary on xviii. 

Female pores:  xiv.

Spermathecal pores: in 7/8 and 8/9 approximately in line with a setae.

Genital Markings:
none.

Septa:
4/5-9/10 from thin to medium, after this thin.

Dorsal blood vessel: single continues on pharynx.

Hearts:
x-xii.

Gizzard:
muscular in v (displaced as far as 8/9).

Calciferous glands:
none found.

Intestine origin (caeca, typhlosole):
xvi (acaecate, no typhlosole to xx but possibly present as a low ridge after xxv).

Nephridia:
meronephric with tufted nephridia in iii and iv (at least).

Testis/sperm funnels:
a rudimentary pair seen in xi only. (Seminal vesicles ?).

Ovaries:
a pair rudimentary in xiii.

Prostates:
a racemose pair confined to xviii.

Spermathecae:
rudimentary pairs in viii and ix.

Gut contents:
mainly woody organic material.

Notes:
this damaged specimen is probably not fully mature but can be placed in Spenceriella.  No feature is especially remarkable but it can be characterised as being metandric with two pairs of spermathecae, and no calciferous glands.  It is provisionally named (but not illustrated) in anticipation of discovery of mature specimens from the same location.
?Spenceriella megagaster sp. nov.

Locality:
Samford.

Habitat: 
under alluvial trash next to South Pine River.

Registration No.: 
a single mature specimen collected by RJB on 29/April/92.

Length:
160 mm.

Width:
5 mm.

Segments: 131 - body circular, slight dorsal canalicula caudally.

Colour:
anterior dorsum and posterior darker grey but body generally pale, clitellum bright iridescent brick-red. 

Prostomium: open epilobous with central furrow, no ventral cleft.

First dorsal pore:
4/5 clearly defined and continuous on clitellum.

Setae:
numerous per segment from ii: 30-38/xii and 46-50/xx, with wide mid-ventral and mid-dorsal gaps.  No setae between pores.

Nephropores: 
not seen.

Clitellum: 
annular over ½xiii, xiv-½xvii,xvii furrows less distinct, setae retained.

Male pores: 
on xviii in pair of opposed slightly raised within parallel paler male field containing paired genital marks. 

Female pores:  paired just anterior to setal arc in mid-ventral gap.

Spermathecal pores: 7/8 and 8/9, approximately as wide apart as male pores.

Genital Markings:
faint paler patches about in line with spermathecal pores noted in vii-ix, and in ix and x  slightly  raised ventral tumid pads.   In xvii  post- 

Fig. 2.37 Spenceriella megagaster (a) ventral view (b) prostate (c) spermathecae (d) prostomium (e) gizzard.

setally a pair of discs and similar discs paired presetally in xviii and xix either side of the male pore but slightly more lateral.

Septa:
5/6-7/8 thickening, 7/8-10/11 the thickest, from 11/12 thinning to become membranous around the clitellum.

Dorsal blood vessel: single continues on pharynx.

Hearts:
commissurals in vi-viii, a weak heart in ix and stronger hearts in x, xi, xii. Supra-oesophageal vessel noted in xii-xiii.

Gizzard:
large, barrel-shaped and muscular in v but displaced posteriorly and occupying about three segement widths.  Pharyngeal glandular mass extends back to iv and projects several large tendons.

Calciferous glands or diverticula: the oesophagus is dilated in ix-xi and forms annular "calciferous" pouches in xii and xiii.

Intestine origin (caeca, typhlosole):
abrupt in xvi (acaecate, atyphlosolate).

Nephridia:
meronephric: forests on parietes, especially thick in iii and iv, with numerous nephrostomes caudally.

Testis/sperm funnels:
testis and iridescent funnels free and paired in x and xi.  Seminal vesicles in ix and xii as a pair of "crystalline" sacs, tapering entally and overlying gut from thicker ventral bases from anterior septa; in xi the seminal vesicles are more saccular.

Ovaries:
in xiii, thin palmate strands of egg-strings.

Prostates:
large blocky, racemose pair in xvii with short muscular ducts.

Spermathecae:
in viii and ix two pairs with large sub-spherical ampullae and stout duct each bearing anteriorly near ectal end a blunt diverticulum.

Gut contents:
much organic matter including woody material.

Notes:
unique characters, which separate this S. megagaster from other members of Spenceriella are the large gizzard, "blocky" racemose prostate and distribution of markings especially those around the male field.

Genus Megascolex Templeton, 1872.

 - see Spenceriella footnote.  Now mostly restricted to Indian species.

Genus Megascolides McCoy, 1878.

Previously a disparate genus with three Australian species confined to southern states of Australia and supposed representatives in other regions (?New Zealand; ?North America), it is now generally restricted to the type species (B.G.M. Jamieson pers. comm.).

Type (and only) species: M. australis McCoy, 1878.

M. australis McCoy, 1878, the Gippsland giant worm.


Notoscolex gippslandicus Fletcher, 1887.


Lumbricus australis Vaillant, 1889

Previous species: 

Austrohoplochaetella kendricki, (Jamieson, 1971).


M. kendricki Jamieson, 1971 from WA.

?M. nokanenaensis Michaelsen, 1907 from W.A.?


Genus Begemius Easton, 1982 is transferred to the "exotics" section.

APPENDIX
Glossary

Consisting of conventions, abbreviations and descriptions of oligochaetological and more general terms used in this text and as used by others (compiled from a variety of sources including: Gates, 1972; Reynolds, 1977 and Sims & Gerard, 1985).

Conventions:

Segments are counted from the anterior to the posterior, starting from the peristomium which contains the mouth and bears the prostomium or "prehensile tongue".  Roman numerals are assigned to the segmental counts, thus i is one, the peristomium or first segment, ii is two the second segment, iii the third etc.  Sometimes they are capitalised as I, II, III etc. 


When referring to the prostomium or to the range of the clitellum, ½, ¼ etc. indicate the extent of encroachment into a segment.  Thus, "prostomium epilobous ½ closed" means that the tongue extends to the middle of the i, the first segment.  Also "clitellum ½xiii, xiv-xvi,xvii" means the clitellum extends from either the posterior half of xiii or from the anterior of xiv to the posterior of either xvi or xvii.


Intersegmental furrows are designated by arabic numerals with oblique, thus 1/2 is not "half" but refers to the furrow between the prostomium and the second segment, 8/9 is the furrow between viii and ix. 


Setae are, by convention, accorded alphabetic orders from the ventrum to the dorsum on each side of a segment, the ventralmost setae being designated as a.  Unless explicitly stated, the longitudinal series for each rank of setae are capitalised, thus the line between consecutive a setae is denoted by A, b setal lines by B, c setal line by C, etc.  Similarly, AA refers to the width between the ventral pair of setae aa, while DD is the space dorsally between the two D meridians (= dd).


For lumbricine specimens (ie. with 8 setae per segment, or rather with two pairs on each side) the unilateral setae are a, b, c and d.  Setal ratios (the relative intervals between the various setal pairs usually on segment vii or xii and/or xx) are often given with the distance between ab, the ventral setal couple, standardised to unity for comparison.  Reference to a particular segment is denoted by an oblique, thus: xii/aa:ab:bc:cd:dd:U, means the setal ratio for segment xii.


Perichaetine specimens, with more numerous setae, have the ventralmost setae similarly specified as a, b, etc. but, when counting in the opposite direction, the dorsalmost setae is labelled z, followed by y, x, w, etc.  Setal counts (the number of setae on a segment, usually vii or xii and xx) are given with an oblique before the segmental number thus: 50/xii means fifty setae on segment twelve.  Alternatively a range is given eg. 48-52/xii.


When describing assemblages of mature and immature specimens, Gates (1972) gave formulations of the numbers of juvenile - aclitellate - clitellate - regressed eg. 1 - 1 - 1 - 1, in this case one of each.  However this scheme did not include cocoons and often omitted the last group.  In the current study, categories included were cocoons, small immatures, juveniles (or large immatures), sub-adults  (whether regressed or not) and matures.


Note: although the descriptions in this thesis have followed the conventions above, it has become apparent that the use of Roman numerals to designate segments is both inconvenient and a potential source of errors.  Accounts have been found where X's and V's have been confused or I's misplaced eg. IV for VI and I have made similar lapses, especially when copying initial handwritten notes.  Because metamerism is so crucial, it is here advocated that the more familiar Arabic numerals be used for metameric counts in future.  Perhaps the simplest and least ambiguous solution would be to use bold print for both setae and segments.   Then, for example, 5 would refer to segment five, 1/2 to the anterior intersegment, a to the ventralmost seta and A to its longitudinal setal series.
Abbreviations:
ACT, Australian Capital Territory (Canberra).

C, abbreviation for circumference in some papers (in German publications circumference = U, Umfang).

CHT,
Mr. C. H. Thompson.

CSIRO, Commonwealth Scientific and Industrial Research Organisation (Australia).

DPI, Department of Primary Industries (for Australian states).

D, dorsal in some publications.

eq., abbreviation for equator or equatorial on a segment. 

GM or gm, genital marking.

GS, genital setae.

ICZN, International Code of Zoological Nomenclature. 

lhs, left hand side.

m, mid as in mD = mid-dorsal, etc. 

mL, mid-lateral.

mm, millimeters.

mV, mid-ventral.

n.p., nephropore.

NSW, New South Wales.

NT, Northern Territory.

QDPI, Queensland DPI.

Qld, Queensland.

RJB, R. J. Blakemore.

rhs, right hand side

RS, research station.

s. s., sensu stricto, description in the narrow sense.

s. lat., sensu lato, in the wide sense.

SA, South Australia.

SJ, Ms. Sheila Jeffreys.

Sp.p., spermathecal pore.

Tas., Tasmania.

TP, tuberculum pubertatis.

U, circumference of a segment (see C above).

UQ, University of Queensland.

V, ventral.

Vict., Victoria.

WA, Western Australia.

Definitions:
Aborted, vestigial and functionless, or lacking and having become so during development of species/specimen.

Acanthodrilin(e) - in the classical system, having prostatic pores in xvii and xix, separate from male pores in xviii (or their homoeotic equivalents).  These pores are often in seminal furrows (=longitudinal grooves) between eq/xvii and eq/xix. 

Acinus (pl. acini), acinous, a sac-like termination of a branched gland.

Aclitellate, without a clitellum, often adult or nearly so but underdeveloped or regressed.

Adiverticulate, without diverticula, usually referring to spermathecae but also to nephridia.

Adventitious, accidental, occurring in an unusual habitat or host. 

Aestivation, a period of inactivity, or dormancy, resulting from unfavourable summer (moisture) conditions when a worm coils up in a cell often at depth.

Afferent, supplying (blood) to an organ.

Agiceriate, gizzardless, without a gizzard.

Allochthonous, exogenous, non-native to an area, cf. autochthonous.

Amphigony, see amphimictic.

Amphimictic, amphimixis, reproduction involving fertilization of the ovum by sperm. In megadriles, with the connotation of biparental, cf. parthenogenetic.

Ampulla (pl. ampullae), distended ental portion of an adiverticulate spermatheca in which spermatozoa are stored temporarily or the widened ental portion of the main axis of a diverticulate spermatheca and then without such a storage function.  Also, when qualified by dorsal or primary, referring to a distal constricted-off portion of a seminal vesicle.

Anandric, anandry, without testes.

Anastomosis, cross connections of ducts, branches of organs, or, more usually, of blood vessels.

Andry, referring to testis containing segments.

Anecic (anéciques, in Bouché's, 1977, classification, equivalent to Lee's, 1985), deep-burrowing worms that feed on dead leaved on the surface, cf. endogean, epigean.

Annular, of clitella, encircling the body, cf. saddle-shaped.

Annulus (pl. annuli), ring formed by a superficial secondary furrow around a segment, commonly two or three (biannulate or triannulate). 

Anthropochorous, anthropochore, transported by man, usually unintentionally  cf. peregrine.

Aortic arch, see hearts.

Apomorphic, character of structure that is derived (evolutionarily) cf. pleisiomorphic.

Arsenosomphic, with male terminalia.

Asetal, without setae. cf. peristomium, periproct.

Astomate, with reference to nephridia, "closed," without a nephrostome.

Atrial, glandular tissue associated with a cleft or coelomic invagination containing the male pore (in the Lumbricidae).

Atrium (pl. atria), a diverticulum of a spermathecae in two moniligastrid genera: Drawida and Moniligaster. (In older contributions may refer to a tubular prostate).

Atyphlosolate, without a typhlosole.

Autochthonous, native, endigenous, cf. allochthonous.

Autogamy (=autofecundity), self-fertilization in hermaphrodites.

Autotomy, automize, self-amputation, in megadriles the process of breaking off a portion of the tail to avoid predation. 

Avesiculate, without seminal vesicles when referring to genital systems, without a bladder when referring to nephridia.

Balantin(e), with male and prostatic pores in xix. 

Bidiverticulate, with two diverticula (to a spermatheca).

Bigiceriate (=digastrid), with two gizzards.

Biprostatic, with two prostates.

Biramous, two branched.

Bithecal, with two spermathecae.

Blood glands, follicles clustered in the pharyngeal region, supposed to function in the production of haemoglobin and blood corpuscles.

Brain, see cerebral ganglion.

Brown bodies, spheroidal, ellipsoidal or discoidal bodies, free in the coelomic cavity, filled with corpuscles, setal debris and foreign bodies of various sorts such as cysts of parasites, nematodes and their ova.

Buccal cavity, the first region of the alimentary canal, between mouth and pharynx.

Caecum (pl. caeca), a blind diverticulum or pouch from the alimentary canal.

Calciferous gland (='Glands of Morren'), strictly a whitish gland that secretes calcium carbonate and opens into the gut via an oesophageal pouch, often used for similar organs of unknown function.

Canaliculate, longitudinally grooved. 

Capsule, see cocoon.

Casts, the voided earth and other waste matter that are commonly deposited following passage through the gut.  Not all species form their casts above the ground.

Caudal, of the tail region.

Cephalization, loss of metameric uniformity at anterior end of body involving some or all of the following; abortion of septa beginning with 1/2, of nephridia and setal follicles beginning with ii, of segmental hearts or connectives between dorsal and ventral blood vessels. Sometimes involving total or almost total abortion of one or more segments.

Cerebral ganglia (sing. ganglion), concentrated, supra-oesophageal, paired nerve cells that function as a simple brain.

Chaeta, (pl. chaetae), see seta.

Chloragogen cells, whitish or yellow fatty cells formed around the alimentary canal; their function is uncertain but is attributed to excretion and regeneration in the literature. Often accumulate in the posterior.

Cingulum, see clitellum.

Circumpharyngeal connective, nerve collar, between cerebral ganglion and ventral nerve ganglion.

Classical, of or pertaining to the "classical system" of the Oligochaeta (see next definition).

Classical system, the classification of the Oligochaeta as initially presented in vol. 10 of Das Tierreich by Michaelsen (1900) and expressed in its final form by Stephenson (1930) in "The Oligochaeta."  This system held that genital systems are more conservative over evolutionary time than are somatic characters and crystallized around two suppositions (from Gates, 1972): (1)  Genera, even subfamilies and families, can be defined and arranged in straight-line phylogenetic sequences by a very few characters such as lumbricin and perichaetin, micronephric and meganephric, presence or absence of gizzard or calciferous glands. (2) Other somatic structures of the digestive and excretory as well as the vascular and nervous system, are phylogenetically less important.  Revised systems are emerging slowly from studies of individual, anomalous, and regenerative variation, as well as of genital and geographic polymorphism, and involve greater emphasis than in the past on somatic characters.

Clitellate, having a clitellum, the age or stage during which the worm has a clitellum, cf. aclitellate.

Clitellum, a regional epidermal swelling where gland cells secrete material to form the cocoon (and, in most groups, to provide nourishment for the encapsulated embryos).  There are two recognised types: annular clitellum or cingulum,  which encircles the body, and saddle-shaped where a clitellum encompasses only the dorsal and lateral parts of the body.  The segmental extent (and range) of the clitellum is of systematic value.

Cocoon, egg case (oöphore) secreted at the clitellum, shed and containing several eggs, not all of which emerge.  Often termed 'capsule'.

Coelom, the fluid-filled body cavity between the body wall and the alimentary canal.

Collar, see clitellum.

Commissurals, usually paired lateral blood vessels connecting dorsal and ventral, or posteriorly the sub-neural, vessels.

Composite, with reference to certain stalked glands, each of which comprises several similar units.

Compressed, flattened laterally, cf. depressed.

Concopulant, a mating partner. 

Congeneric, of congeners, belonging to the same genera.

Congeries, an assemblage (of species).

Copulatory setae or chaetae, those in the same segment as, also near, the spermathecae.  Occasionally refers to similar setae in an adjacent but athecal segment (see genital setae and cf. penial setae).

Copulatory pouches, spermathecae (some older publications).

Copulatory chamber, an invagination, containing the male pore, that reaches through the body wall into the coelom.  Also 'bourses copulatrices', copulatory chambers or pouches of some publications prior to 1900.  

Cosmopolitan, a word that may mean, found in every country, or only, present in more than one country; here meaning spread globally.

Crop, a widened portion of the digestive system that lacks the muscularity on a gizzard. In the lumbricidae, at the beginning of the intestine and in front of the gizzard.

Cuticle, a thin, non-cellular, transparent outer layer of the body wall (see iridescence).

Cysticercoid, larval stages of the cestode (tapeworm).

Decathecal, with ten spermathecae, usually in five pairs.

Definitive, capable of being used in definition of a taxon.

Depressed, flattened dorso-ventrally, cf. compressed.

Diagnostic, uniquely characterizing a taxon (see precis).

Diapause, a state in which gut is empty and the worm is often tightly coiled in a closed-off soil cell as in aestivation.  Two states have been characterized: obligatory, internally controlled for rest or repair, and facultative in response to environmental factors.  In either case activity, does not re-commence until certain physiological events have been completed, cf. quiescence.

Diaphanous, transparent, pellucid. 

Digitiform, finger-shaped.

Dimorphic, a species with two genetically determined morphs. 

Distal, away from place of attachment, as in regenerate, or an organ on a septum, the gut, or body wall, cf. proximal.  

Diverticulum (pl. diverticula), diverticulate, having an outgrowth of some sort from the main axis of an organ (eg. on a spermatheca).

Dorsal vessel, a major blood vessel located above the dorsal surface of the alimentary canal conducting blood anteriorly.

Dorsal pore, small sphinctered intersegmental apertures in the mid-dorsal line leading to the coelomic cavity.

Drilosphere, the region of soil around earthworm burrows. 

Duodecathecal, having 12 spermathecae, usually in six pairs.

Ectal, ectally, outermost or nearest to the body wall, cf. ental.

Egg sac, see ovisac.

Endemic, indigenous or restricted to a region, cf. allochthonous.

Endogean, endogées, Bouché's (1977) classification of worms that live and feed in the mineral soil at or below the root mat (equivalent to Lee's (1985) sub-surface feeders).

Ental, entally, away from the body wall, towards the centre of the body, cf. ectal.

Enteroic, when referring to the excretory system, opening into gut lumen, cf. exoic.

Enterosegmental organs, paired, segmentally repeated structures of unknown function closed to mD on dorsal face of the post-gizzard gut in moniligastrids.

Entonephric, see enteroic.

Epidermis, the outer cellular layer of the body wall, which secretes a protective cuticle.

Epigean, epigées, Bouché's (1977) classification of worms that are litter dwellers.

Epilobous, epilobic, referring to a prostomium that is continued by a tongue into the peristomium but without reaching 1/2.

Epimorphic, epimorphosis, regeneration that results in addition of new tissue at the level of amputation.

Equator, a central meridian of latitude of a segment often or usually equivalent to a circumferential line passing across apertures of setal follicles.

Equatorial, at, of or pertaining to a central meridian of latitude in a segment.

Equimeric, equimery, with reference to regenerates, having the same number of segments as had been amputated, the state of being such.

Esophageal, American for oesophageal.

Euramerica, the continent formed in the late Mesozoic before the opening of the north Atlantic, comprising part of Laurasia (between Mid-continental Seaway of east North America and the Turgai Straits separating Europe from Asia).

Euryoecious, having a wide range of habitat tolerance.

Evaginate, evagination, to grow out from, an outgrowth of, as calciferous sacs of the lumbricid oesophagus.

Exogenous, allochthonous, cf. endogenous, autochthonous.

Exoic, when referring to the excretory system, opening to the exterior through the epidermis, cf. enteroic.

Exonephric, see exoic.

Exotic, imported, foreign, alien, in contrast to native, endemic, and autochthonous.

Extra-mural calciferous glands, located externally on oesophagus, commonly stalked. 

Facultative, contingent, having the power to live under different conditions. cf. obligatory.

Family, a taxon usually comprising a number of genera, with a name ending in -idae, as Lumbricidae.

Female pores, external apertures of the female ducts; often minute and for most families found on segment xiv.

Female funnel, enlargement of ental end of an oviduct to facilitate entry of ova on their way to the exterior.

Female ducts, female gonoducts. See oviducts.

Fimbriated funnel, with a filamentous fringe to facilitate the entry of sperm or ova.

Fissure, an epidermal crevice containing, discrete male and prostatic pores, as well as apertures of penisetal follicles.

Furrow, external groove around the body between segments.

Genital tumescences, in the Lumbricidae, areas of modified epidermis without distinct boundaries and through which follicles of genital setae open.

Genital markings,  distinct epidermal areas that are variously circular or pad-like, glandular swellings, pits or grooves.  Involved in mate recognition and the alignment, charging and (successive) co-location of reproductive apertures especially spermathecae.  Of systematic importance.  (See genital tumescences).

Genital setae, see seta.

Geophagous, feeding on soil cf. detritivor, saprophore.

Giceriate, having one or more gizzards.

Girdle, see clitellum.

Gizzard, the muscularized portion of the digestive system, in Lumbricidae, anterior to the intestine and posterior to the crop.  Duplicated in some groups and reduced in others.

Gonad, gonadal, a testis, ovary, or an organ simultaneously or consecutively producing sperm and ova. Of or pertaining to a gonad.

Gondwanaland, the huge Mesozoic southern continent separated by the epicontinental Tethys Sea from the northern continent of Laurasia after the separation of the united Palaeozoic continent of Pangaea.

Gonoducts, male, female, ducts or passages that carry gametes from the coelomic funnels to or towards the exterior. (cf. Sperm ducts, oviducts.)

Gonophore, see male pores, female pores.

-gyny, the characterization of ovarian location along the main axis, cf. holo-, meta- and pro-gyny.

Haemerophilic, not averse to culture nor some human interference with the environment.

Haemerophobic, averse to culture and human interference with the environment.

Hatchling, small worm that emerges from a cocoon.

Hearts, enlarged, segmental pulsating connectives in an anterior region of the body between the ventral and one or both other longitudinal trunks, the dorsal and supra-oesophageal.  According to the some terminology those opening into the dorsal trunk are lateral, into the supra-oesophageal are oesophageal, into both are latero-oesophageal.

Hemerobiont, dependent on human culture.

Hemerodiaphore, a species indifferent to the influence of human culture.

Hemerophile, a species favoured by human culture.

Hemerophobe, a species aversely affected by the influence of human culture.

Heterodynamous, development indirect because interrupted by a period of rest called diapause.

Heteromorphic, with reference to regenerates, a head regenerated instead of a tail or a tail instead of an amputated head.

Hibernation, the state of rest or inactivity during unfavourable winter conditions.

Hibernestivation, the state of rest or inactivity during unfavourable conditions, in the monsoon tropics, that extend through both cool and hot seasons.

Holandric, holandry, classical terms that mean testes restricted to x and xi, or a homoeotic equivalent, cf. proandry, metandry.

Holarctic region, a zoogeographical region comprising the Palaearctic and Nearctic regions. 

Hologynous, hologyny, classical terms that mean ovaries restricted to xii and xiii or a homoeotic equivalent. 

Holoic, referring to an excretory system, having a large pair of stomate, exoic nephridia in each segment of the body except the first and last; referring to a nephridium, having a preseptal nephrostome or funnel opening into the coelomic cavity, a post-setal looped tubule opening to the exterior through a single epidermal nephropore, cf. meroic.

Holonephric, holonephridial, see holoic.

Holotype, the single specimen that distinguishes a species. 

Homodynamous, development direct, ie., not interrupted by a diapause.

Homoeosis, presence of an organ, or pairs of organs, or a series of organs, in a segment or series of segments, other than that or those, in which usually or normally found. Reference primarily is to intraspecific variation, secondarily to phylogenetic variation, for a species or genus may be homoeotic with reference to related species or genera.  In case of individual homoeosis, the dislocation may involve one or both organs of a segmental pair. The former is asymmetrical, the latter symmetrical homoeosis.

Homoeotic, the condition of having glands or organs in a segment(s) where they do not normally occur. Refers principally to intraspecific variation (see homoeosis).

Homomorphic, of regenerates, of the same cephalic or caudal nature as the part that was amputated.

Hoplochaetellin, of male terminalia in which one pair of sperm ducts open together with the prostatic ducts of xvii or close to the prostatic pores, the other pair of sperm ducts similarly associated with the prostates of xix.

Hyperandric, hyperandry, having testes additional to those of x-xi.

Hypergynous, hypergyny, having ovaries additional to those of xii-xiii. 

Hypermeric, hypermery, of regenerates, having more segments than had been removed prior to the regeneration. 

Hyperplasia, hyperplasic, in oligochaetes, having more than the usual number of organs in a set or battery.

Hypomeric, hypomery, of regenerates, with fewer segments than had been removed. 

Immature, a young worm, with undeveloped clitellum and sexual organs (often termed adolescent).

Indigenous, native, belonging to a locality, not imported, cf. endemic, exotic.

Intersegmental groove, a circumferential depression of strongly contracted specimens that contains the intersegmental furrow. A common failure, in classical writings, to distinguish between groove and furrow resulted in lack of precision with reference to systematically useful characterizations.

Intersegmental furrow, the boundary between two consecutive segments, almost in a geometrical sense, but actually the level at which the epidermis is thinnest and where colour is lacking in pigmented species.

Intra-mural calciferous glands, formed within the oesophageal wall (in Lumbricidae).

Invaginations, an ingrowth, as of the epidermis into the parietes, or of the whole body wall into the coelom.

Iridescence, in the context of earthworm biology this refers to 1) the appearance of sperm aggregated on the male funnels (q.v.), or 2) the appearance of cuticular colour as a result of refracted light.

Juvenile, referring to young from time of hatching till appearance of seminal furrows or grooves, genital tumescences, markings and/or pores, see immature. 

Lamella, (pl. lamellae) any thin plate- or scale-like structure.

Lateral, on, of, or pertaining to the sides of a body or of an organ but in connection with the vascular system, a heart joining the ventral trunk below the gut and the dorsal blood vessel above the gut. Also any segmental commissure with the same relationship to the two major trunks.

Latero-oesophageal, with reference to the vascular system, a heart or other vessel joining the ventral trunk below the gut but bifurcating above the gut, with one branch to the supra-oesophageal trunk, the other to the dorsal trunk.

Laurasia, the huge Mesozoic northern continent (see Gondwanaland).

Limicolous, inhabiting mud or shore. 

Limnicolous, living in lakes.

Lumbricid, a member of the holarctic family Lumbricidae. 

Lumbricine, having 4 pairs of setae per segment, cf. perichaetine.

Lumen, the cavity of a duct, sac, gland or of the gut.

Lymph gland, organs on the anterior faces of septa and associated with the dorsal blood vessel, in the intestinal regions of pheretimoids (perhaps of some other genera?), supposedly functioning in production of phagocytes.

Macroic, large, with reference to excretory organs, a substitute for the classical meganephridium.

Macrolecithal, of eggs with large yolks, cf. microlecithal.

Male pores, primarily openings to the exterior of the male ducts (usually on segment xviii for megascolecids and xv for lumbricids). The pores may be superficial, be invaginated into (eversible/penial) chambers confined to the parietes or reaching more or less extensively into the coelomic cavities, or the apertures of such chambers may be withdrawn into a depression that can be closed off by apposition of its margins. Union of male and prostatic ducts also introduces other complications, ie., the ducts may unite just beneath the epidermis, deeper within the body wall, or within a chamber invaginated into the coelom which may or may not have a penis or some sort of porophore in which case male and prostatic pores may still be discrete.   Although of great importance to taxonomy, these pores are often minute and only traceable during dissection.   In certain species, particularly of the Lumbricidae and Eudrilidae and in some megascolecids, the pores are large and more readily discernible.  Some other species have parthenogenic morphs without male pores.

Male ducts, male gonoducts. See sperm ducts.

Male funnel, a funnel or rosette-shaped enlargement of ental end of a sperm duct, with central aperture through which sperm pass into lumen of the duct on their way to the exterior. Sperm, prior to entering the ducts in many species, temporarily aggregate on the funnels in such a way as to reveal their presence by iridescence.

Manicate, hand-shaped, usually referring to intestinal caecum of certain pheretimoids in which the organ comprises several anteriorly directed secondary caeca.

Meganephridium (pl. meganephridia), meganephridial, one of a pair of large excretory organs, in the classical system often referring to organs now called holoneprhidia.

Megascolecin(e), in the classical system, indicating that the single pair of prostates, tubular or racemose, opened to the exterior in xviii, along side of or together with the sperm ducts.  Supposedly arising by deletion of prostates of xvii and dislocation into xviii of prostates from xix.

Megascolicoid, of or pertaining to worms or taxa of the classical family Megascolecidae.

Meroic, divided, with reference to the excretory system, often minute nephridial tubules formed by longitudinal or transverse fragmentation of the original single pair of embryonic rudiments of each segment.  When parietal, often numerous and then said to be "in forests" almost covering the body wall, cf. holoic.

Meronephric, meronephridial, see meroic.

Meronephridium (pl. -a) one of many small nephridia.

Mesial, in the middle of the vertical or longitudinal plane.

Metagynous, metagyny, classical terms now meaning only, ovaries restricted to xiii or a homoeotic equivalent, the state of being such.

Metamere, a segment.

Metameric, pertaining to segmentation.

Metandric, metandry, classical terms now meaning only, a single pair of testes restricted to xi, the state of being such, cf. holandry, proandry.

Microic, smaller than macroic, substituting for the classical micronephridial, a term often applied to nephridia smaller than meganephridia.

Microlecithal, eggs with small amount of yolk requiring embryo to obtain nourishment from material in cocoon. 

Micromeronephridium (pl. -a) minute meronephridium.

Micronephridium (pl. -a) in classical systematics often with meaning of meronephridium ie. small nephridium.

Microscolecin(e), in classical terminology, provided with a pair of the tubular prostates opening to the exterior in xvii along side or together with the sperm ducts.

Moniliform, arranged like a string of beads.

Monophyletic, with a single common ancestry.

Monothecal, having only one spermatheca.

Monotypy, the situation arising when a genus-group taxon is established with only one originally included species; or when a family-group taxon is established with only one originally included genus.

Morph, a group of individuals that share a common anatomy resulting from degradation, deletions, or other changes from structure of the ancestral amphimictic population cause by reproductive isolation. Such isolation usually comes about as a result of parthenogenesis.

Morphallatic, morphallaxis, a regenerative process in which the new parts are reorganised from the old in sit instead of being formed anterior or posterior to the level of amputation.

Morren's gland, see calciferous gland.

Mouth cavity, see buccal cavity.

Mouth, the anterior opening to the alimentary canal located in the peristomium.

Muscular tube, see nephridial bladder.

Nearctic, a zoogeographic region comprising Greenland, North America and northern Mexico.

Neotropical, a zoogeographic region encompassing South and Central America south of Mexican plateau and the Caribbean. 

Neotype, a single specimen designated as the type specimen of a nominal species-group taxon of which the holotype (or lectotype), and all paratypes or all syntypes are lost or destroyed.  Neotypification is the act of selecting a neotype. (For nominal taxon, see taxon).

Nephridial reservoir, see nephridial bladder.

Nephridial bladder, the extended portion of the nephridial tube connected to the nephropore (see vesiculate).

Nephridial pore, see nephropore.

Nephridiopore, see nephropore.

Nephridium (pl. nephridia), the organ for nitrogenous excretion (holonephridium or meronephridium).

Nephropore, the external opening of the nephridium.

Nephrostome, the ciliate funnel at the ental end of the (holo)nephridium.

Obligatory, limited to the one mode of life or action, cf. facultative.

Octoprostatic, having 8 prostates.

Octothecal, having 8 spermathecae.

Oesophagus, the portion of the gut between the pharynx (anterior) and crop or intestine (posterior), ending in the oesophageal valve.  When referring to the circulatory system, a heart that opens dorsally into the supra-esophageal trunk and beneath the gut into the ventral trunk. 

Omnivorous, omnivore, non-selective feeder.

Ontogenetic, ontogeny, having to do with individual development.

Oöcyte, a diploid cell that produces haploid eggs (ova) by meiosis. 

Oöphore, egg case or cocoon.

Oviducts, ducts or funnels carrying female gametes, usually from the coelomic funnel to or towards the exterior on xiv.

Ovum (pl. ova), an unfertilized egg.

Palaearctic, zoogeographic region comprising Europe through to  northern Asia and south to the Middle East and Mediterranean. 

Parthenogenesis, unipariental reproduction in which the ovum develops without fertilization by spermatozoa.  

Parthenogenetic of or pertaining to that manner of reproduction.

Penial setae, refer to setae.

Peptonephridia, classical term for organs, supposedly modified nephridia, opening into the buccal cavity or pharynx (see tufted nephridia).

Peregrine, exotic, widely distributed, foreign. In the past often with the implication of widely wandering but now usually more accurately characterized as anthropochorous.

Perichaetine, location of the setae, when more than eight per (setigerous) segment, often in a more or less complete circle around the equator, cf. lumbricine.

Periproct, preferred to pygomere (q.v.) by some because of similarity to peristomium.  Anal segment.

Peristomium, anteriormost portion of the body, around the mouth and like the anus, lacking major characteristics of a segment, such as setae, though counted as one.

Pharynx, the anterior of the alimentary canal between mouth and the oesophagus (includes buccal cavity).

Pheretimoid, a member of the genus Pheretima s. lat., typically with gizzard in viii, male pores on xviii, single female pore on xiv, clitellum restricted to xiv-xvi, spermathecae in or anterior to 9/10, meroic, perichaetine setae with slight mid-ventral setal gap and often with intestinal caeca.

Phylogenetic, phylogeny, having to do with past evolutionary development, as distinct from ontogenetic.

Pleisomorphic, character or structure that is evolutionarily primitive or ancestral.

Polyandric, having testes in more segments than x-xi.

Polydiverticulate, with reference to spermathecae, having more than two diverticula per segment.

Polygiceriate, with several gizzards.

Polygonadal, having more than four gonads.

Polymorphic, of or pertaining to polymorphism. The latter, with reference to megadriles, is of several kinds, of which the most important for systematics are geographical and parthenogenetic.

Polyoculate, referring to a spermathecal diverticulum, having several seminal chambers.

Polyphyletic, of mixed evolutionary origin, not derived from a common ancestor.

Polyploid, having more than two sets of homologous chromosomes, cf. diploid, haploid.

Polyprostatic, having more than six prostates in three segments or more than eight in two segments.

Polystomate, having many mouths, referring to nephridia, with several nephrostomes.

Polytesticulate, having more than two pairs of testes.

Polythecal, having more than one or two pairs of spermathecae per segment.

Porophore, any area, protuberance or special structure bearing a pore, usually that of a spermatheca, ovi- or sperm-duct.

Posterobiprostatic, with prostates in xix after loss of a pair in xvii of an acanthodrilin set.

Precis, key features in specific or generic definition, a term similar to diagnosis. 

Proandric, proandry, classical term meaning testes restricted to x or a homoeotic equivalent, the state of being such.

Progynous, progyny, a classical term meaning ovaries restricted to xii or a homoeotic equivalent, the state of being such.

Prolobic, prolobous, characterizing a prostomium demarcated from and without a tongue in prostomium.

Prostate, paired glands in megascolecoid earthworms, the exact functions of which are unknown, they produce a fluid for the transport of sperm during copulation.  Either associated with the vas deferens or opening with separate ducts near male pores.  Tubular prostates have a central lumen and open beside, or within a segment or two of the male pores in acanthodrilids, ocnerodrilids and octochaetids.  Racemose glands in megascolecids are usually combined with the male pore and have no central lumen.  Intermediate glands, appearing lobular but with branching internal lumina are termed tubuloracemose.  Prostate also applies to the moniligastrid capsular glands and the eudrilid "euprostates".  Lumbricid "prostates", without stalks are characterised as "atrial glands".

Prostomium, a protuberance anteriorly and above the mouth from the first segment.  A sensory and prehensile appendage for probing and encompassing ingesta.

Protandric, protandrous, proterandrous, having sperm maturing before ova.  Protandry, the state of being such.

Proximal, near to, towards, place of attachment, as in a regenerate, an organ on a septum, the gut, or body wall.

Pseudogamic, of or pertaining to pseudogamy, a method of reproduction in which entrance of the sperm stimulates development of the egg but without involving biparental heredity.

Pseudovesicles, structures on posterior faces of 12/13 or 13/14 that are serially homologous with seminal vesicles. Usually retained from an embryonic or early juvenile state. Function unknown.

Pygomere, the terminal portion of the body, sometimes called the anal segment but lacking some of the characters of a metamere.

Quadriprostatic, with four prostates.

Quadrithecal, with four spermathecae.

Quiescence, a temporary state of inactivity caused by adverse conditions, cf. diapause.

Quincunx, a pattern involving location of setae of three consecutive segments in a group of five, with one centrally as here: •   •

    




             •

    




          •    •.

Racemose, from the latin racemose, meaning bunch, as perhaps of grapes, long used to characterize the lobular kind of prostate present in Pheretima s. lat. and related genera.  Lobulation may or may not be obvious superficially but within those glands a prostatic duct branches repeatedly, the subdivisions usually unrecognizable macroscopically, cf. tubular, tubuloracemose.  

Regressed, a post-adult, aclitellate stage (physiological response to environmental stress?). 

Regularization, anatomical adjustments involved in reducing the asymmetry resulting in unilateral splitting of mesoblastic somites.

Salivary gland, in classical writings a term for organs, opening into the buccal cavity or the pharynx, that sometimes were thought to be modified excretory organs = peptonephridia.

Saprovores, deriving energy primarily from ingesting dead plant materials.

Segment, a portion of the body, along the anteroposterior axis, between two consecutive intersegmental furrows and the associated septa (also metamere).

Seminal, literally of or pertaining to seeds, but characterizing structures in which sperm are involved. 

Seminal vesicles, pockets from a septum in which sperm are matured.  Supposed seminal vesicles in x, as well sometimes as in xi, in some species of Pheretima s. lat., have been testis sacs, of ocnerodrilid genera have been hypertrophied testes.  The septal outgrowth may be simple, tubular, lobed with connective tissue partitions internally.  Often in xi and x on anterior faces of the septa, in xi and xii on posterior faces of septa.

Seminal reservoirs, in some older publications, see seminal vesicles.

Seminal furrows or grooves, except in the Lumbricidae, referring to distinct and permanent markings in the epidermis that are associated with male, and sometimes also prostatic pores, and through which sperm and/or prostatic secretions move at time of copulation.

Seminal receptacles, formerly used for spermathecae or occasionally even for seminal vesicles.

Septum (pl. septa), two layers of peritoneal cells enclosing muscle fibres, connective tissue and blood vessels separating adjacent segments.  Usually delicate but sometimes thickened or muscular between anterior segments. 

Seta (pl. setae), from Latin meaning bristle, hence more appropriate than chaeta Greek meaning hair or mane.  Solid rods, secreted by cells at ental end of a tubular epidermal ingrowth, the setal follicle.  Follicles are provided with protractor and retractor muscles so that the seta can be partially protruded or retracted to aid locomotion.  A normal, unspecialized seta has a slight double curvature providing a sigmoid shape, a pointed outer end called the tip, a thickening somewhere near the middle of the shaft called the nodulus, and a blunt inner end called the base.  Specialized setae, usually no longer sigmoid, often ornamented in one or more of several ways, if associated more or less closely with male or prostatic pores are called penial, but copulatory if associated with spermathecae.  Modified setae associated with genital tumescences and/or with special glands but not especially with the male, female, prostatic or spermathecal pores are designated only as genital.  These types of setae grip and stimulate concopulants during mating.  Setae often are variously modified in shape and may be sculptured (ornamented) ectally in numerous ways.  Ornamentation by circles of fine spines or teeth thus may characterize enlarged setae at either end of the body.

Setigerous, normally bearing setae.

Sexprostatic, with 6 prostates in 3 consecutive segments.

Sexthecal, with 3 pairs of spermathecae.

Somatic, of or pertaining to any portion of the anatomy except the reproductive organs.

Sperm duct, ducts or tubes that carry sperm from the male funnel to or towards the exterior (=vas deferens).

Sperm sacs, in writing of some classical authorities, seminal vesicles, or sometimes referring to testis sacs or spermathecae.

Spermatheca (pl. spermathecae), spermathecal, an often flask-shaped organ in which sperm, received from a copulatory partner, are stored until fertilization of ova in cocoons.  The ectal region is often slender and forms the duct (which may support diverticula), while the ental region is dilated to form the ampulla.  Number, form and location of the spermathecae is of systematic import.

Spermatophore, a packet of spermatozoa usually transferred to concopulants especially in species lacking spermathecae.

Spermiducal glands, spermiducal pores, of older texts are prostates and prostatic pores.

Stomate, having a mouth, referring to a nephridium, with a funnel.  A nephridium with a funnel sometimes is said to be "open".

Sub-adult, large immature without secondary sexual markings or regressed mature.

Sulcate, having seminal furrows or grooves.

Tanylobous, characterizing a prostomium with a tongue that reaches all the way through segment i to 1/2.

Taxon (pl. taxa), any unit in a system of classifying plants or animals.

Testicular vesicle,sometimes mistaken, when enlarged in parthenogenetic morphs for seminal vesicles.

Testicular chamber, testis sac.

Testicular sac, testis sac or some part of it.

Testis sac, usually a closed off coelomic space containing one or both testis and male funnels of a segment.

Tethys Sea, the sea separating Laurasia from Gondwana following the disintegration of Pangaea in the Mesozoic.

Thecal, having spermatheca.

Trabeculate, characterizing megadrile seminal vesicles that develop as connective tissue proliferations from a septum so as to have numerous irregular spaces that remain inconsiderable until spermatogonia (male germ cells) begin to enter.

Troglophile, cave loving.

Trogloxene, cave guest.

Tubercula pubertatis (sing. tuberculum pubertatis), paired papillose or ridge-like tumescences forming genital pads in the clitellar region of reproductive adults (mainly lumbricids), used to grip partner.

Tubular, prostate form where non-racemose glandular portion has central lumen on bisection. 

Tubuloracemose, prostatic glands with a central lumen, from which short branches pass out, intermediate between the simpler tubular kind (without such branches) and the racemose, polylobular glands (without a central or macroscopically recognisable lumen). 

Typhlosolate, having a typhlosole, usually with reference to a segment or segments of the intestine or the intestinal region of the body.

Typhlosole, any longitudinal fold of gut wall, especially if projecting into the gut lumen from the roof at mD or the floor at mV.  Lateral typhlosoles (in the intestine) usually are rudimentary.  Increases the surface area of intestine for digestion.

Unidiverticulate, having one diverticulum, as of spermathecae.

Uniloculate, having only one seminal chamber, as of spermathecal diverticulum.

Vas deferens (pl. vasa deferentia), sperm duct(s).

Ventral blood vessel, large trunk below gut, carrying blood posteriorly.

Vermiculture, breeding and culturing of worms.

Vesicle, referring to the excretory system, the bladder; referring to the reproductive system, anteriorly or posteriorly directed pockets of a septum in which male germ cells mature.

Vesiculate, with reference to a nephridium - provided with a bladder; with reference to a reproductive system - having seminal vesicles; with reference to tissue or organ structure - having small spaces.

Vestibulate, having one or two vestibula.

Vestibulum (pl. vestibula), an invagination in some species (eg. Eutyphoeus) that contains a penis or male porophore, regardless of whether it is confined to the body wall or reaches more or less conspicuously into the coelom.  Not homologous with but containing the male pore fissure.

Zygolobous, a prostomium not demarcated from the peristomium. 
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